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1-a ME)K#yHAPOAHAfl KOHtPEPEHLJHfl-BblCTABKA 

MAJIHE   CnyTHHKH 
HOBHE TEXHOJIOrHH, ßOCTIDKEHHfl. IIPOEJIEMbl H nEPCIIEKTHBbl 

ME^CayHAPO^HOrO COTPYAHHHECTBA B HOBOM TblCOTEJIETHH 

I-st ANNUAL INTERNATIONAL CONFERENCE & EXHIBITION 

SMALL   SATELLITES 
NEW TECHNOLOGIES, ACHIEVEMENTS, PROBLEMS AND PROSPECTS 

FOR INTERNATIONAL CO-OPERATION IN THE NEW MILLENNIUM 

IIJIEHAPHAfl CEKIJH5I I: 

OCHOBHblE HAIIPABJIEHHil PA3BHTHÜ MAJIOH 

KOCMHHECKOH TEXHHKH 

PLENARY SESSION I: 

MAIN AREAS OF SMALL SPACE TECHNOLOGY 

DEVELOPMENT 

PyKOBOÄHTejIHI 

B.B. AjiaBepflOB, PKA, Poccira 
B.0>. YTKHH, IJHHHMAIII, Poccira 

Chairpersons: 

Valery V. Alaverdov, RSA, Russia 
Vladimir F. Utkin, TsNIIMASH, Russia 



1.1 OcHOBHwe HanpaBJieHHfl pa3BHTHH Majioft KOCMHHCCKOH TCXHHKH 

K). KomeB, PKA, 
B.YTKHH, H. AH<PHMOB, UHHHMAIH, POCCHH 

1.2 UejieBaa nporpaMMa KOonepauHH npe/uiprorniH HIIO 
MauiHHOCTpoeHHfl no co3,naHHio MKA ^33 H CBJBH C 
Hcnojib30BaHHeM fljM HX Bbree^eHHH paxeTM-HOCHTejifl "CTpejia" 
T. E(J)peMOB, HIIO MAIII,  POCCHH 

1.3 PoccHHCKO-aMepHKaHCKHe cnyTHHKH Haßjiio/ieHHH (PAMOC) 
B. BapTHH, T. Ba^a, SDL, A. Orenp, H. KapneHTep, 
O. Illenepfl, Visidyne Inc., ,3,3c. BaTCOH, Aerospace Corp., CIIIA 

1.4 OcHOBHbie HanpaBjieHHH npHMeHeiraH H pa3BHTHa KOHueimiiH 
Majibix cnyxHHKOB B npaKTHKe paöoT TKB "IOaaioe" 
C. KOHIOXOB, TKB "K))KHoe", YicpaHHa 

1.5 MajibiH cnyTHHK HaÖjno^eHHfl H MOHHTopHHra TpoiraiecKoro 
peraoHa 
X. KapBajibo, K.E. CaHTaHa, JJJK. KOHO, INPE, Brazil 

1.6 HoBbie ßocTiDKeifflji SSTL B co3,nanHH Majibix H MHKpo KA 
M. CBHTHHr, J\. KepoBajia, SSTL, BejiHKo6pHTaHHH 

1.7 YHHCAT - yHHBepcajibHaa cnyrHHKOBaa miaTCpopMa «JIH 

Ha6jiH)AeHHfl 3eMjiH 
A. ^XHHaTH, K. ToöeHH, OHB-Systems, IepMaHHJi 
K). TpH(J)OHOB, A. TopoyHOB, Hnn BHHH3M, POCCHH 

1.8 IIpOeKT HH3KOOpÖHTaJIbHOH KOCMHHeCKOH CHCTCMbl CBH3H 'ToHeu" 
(UejiH, 3aaaHH, npo^BroKeirae) 
B. KO3JIOB, A. MapTbiHOB, PKA, A. KO3JIOB, O. rpa(poflaTCKHH, 
HnO ÜM, B. TaMapKHH, B. BjiacoB, HHH TO, POCCH* 

1.9 IIporpaMMa MHKpocnyraHKOB AreHTCTBa HCCJieaoBamiH H 0H.eHKn 
6e3onacHOCTH BejiHKo6pHTaHHH 
P.^x. BJIOTT, H.C. YSJIJIC, JSpa. HBC, DEPVA, BejiHKoGpHTarara 

1.10 KoHuenipiJi MHKpocnyTHHKa "KoMiiac", 3anycKaeMoro c no^BOÄHOH 
JIOAKH ajia H3yqeHHa npeABecTHHKOB 3eMHbix KaTacTpo<p 
B. OpaeBCKHH. A. AjieKceeB, B. floicyKHH, K>. PyatHH, 
H3MHPAH, 
H. BejiHHKo, K). HHKyjiHH, A. CjieTa, Y. CBITBIH, 

TPLT HM. MaxeeBa, POCCHH 

1.11 Majiwe KOCMHHecKHe annapaTbi c iuia3MeHHbiMH «BHraTejiflMH fljia 
HayHHbix Hccjie^oBaHHH H JJJIH peineHH» npHKJiamibix 3a^aM 
B. BajieöaHOB, A. 3axapoB,  HKH PAH, POCCHH, 

P. Car^eeB, MepHJieHÄCKHH ymiBepcirreT, CIIIA 
B. ^ojironojiOB, K. üiraxaipe, HIIO HM. JIaBOHKHHa, 
T. EcppeMOB, n. HocaTeHKO, HnO MAIII, 
A. MeÄBe^eB, B. XaTyjieB, TKHni^ HM. XpyHH^eBa, Poccna 



1.12 IlepcneKTHBHwe paKeTbi-HOCHTejiH jierxoro Kjiacca 
A.KHcejieB, A.Me^BeÄeB, B. KappacK, E. MOTOPHLIH, 

B. K)pLeB, TKHim HM. XpymraeBa, POCCHA 

1.13 MAKC-,3; ^eMOHCTpauHOHHoe H3aejine aapoKocMJinecKOH 
CHCTeMbi MAKC 
T. Jl03HH0-Jl03HHCKHH, HIIO "MoJIHHfl", POCCHJI 

1.14 MHorocpyHKUHOHajibHMH MHKpocnyniHK jym Haymbix 
HCCJie^oBaHHM: KOHuenuna nocTpoeHHa, CTpyKTypHaa cxeMa, 
opramoauHa paöoTbi 
K). AracpoHOB, B. XpairaemcoB, HKH, POCCHH 

II. TpncKa, %. BoiiTa, HrOH, Hexira 

1.15 TpaHcnopTHpyeMbie erapTOBbie KOMimeKCbi ayia 3anycKa Majibix 
CIiyTHHKOB 
A. YTKHH, KB CM, POCCHH 

1.16 ^BHraTejibHbie ycTaHOBKH Majiwx KOCMHiecKHx annapaTOB 
E. JIapHH, B. HeKpacoB, HHHMAIII, T. Pein, HnOMAUI, 
K). BepniHHHH, H90 YpO PAH, POCCHH 

1.17 Bbißop npoeKTHbix napaMeTpoB Majibix KA c 3P,H, 3anycKaeMbix 
PH jierKoro KJiacca 
T. IIonoB, T. MajibimeB, B. KHM, B. KyjibKOB, 
HHH IIM3 MAH, POCCHS 



1.1 Major Areas of Small Satellite Development in Russia 
Yu. Koptev, RSA, 
V. Utkin, N. Anfimov, TsNIIMASH, Russia 

1.2 A Dedicated Program of Scientific-Production Association of 
Machine Engineering (NPO MASH) Enterprises Cooperation for 
Building Earth Remote Sensing and Communications Spacecraft to 
Be Orbit-Injected by STRELA Launch Vehicles 
G. Efremov, NPO MASH, Russia 

1.3 Russian American Observation Satellites (RAMOS) 
B. Bartchi, G. Wada, SDL, A. Stair, I. Carpenter, O. Shepherd, 
Visidyne Inc., J. Watson, Aerospace Corp., CIIIA 

1.4 Basic Directions of Usage and Conceptions of the Small Satellites 
Development in Practice of Yuzhnoe SDO Works 
S. Konyukhov, Yuzhnoe SDO, the Ukraine 

1.5 A Small Satellite to Observe and Monitor the Tropical Region 
Y. Carvalho, C.E. Santana, J. Kono, INPE, Brazil 

1.6 Advanced High Class Launch Vehicle 
M. Sweeting, J. Kerovala, SSTL, UK 

1.7 UNISAT: Universal Earth Observation Satellite Platform 
A. Ginati, K. Tobein, OHB-Systems, Germany 
Yu. Trifonov, A. Gorbunov, NPP VNIIEM, Russia 

1.8 Project of a Gonets Low-Orbit Space Communications System 
(Object, Missions, Promotion) 
V. Kozlov, A. Martynov, RSA, A. Kozlov, O. Graphodatsky, 
NPO PM, V. Tamarkin, V. Vlasov, Nil TP, Russia 

1.9 The United Kingdom Defence Evaluation and Research Agency 
Microsatellites Programme 
R.J. Blott, N.S. Wells, J. Eves, DERA, UK 

1.10 The General Conception of the Microsatellite COMPAS to Be 
Launched from Submarine to Study of the Earthquakes 
Forerunners 
V. Oraevsky. A. Alekseev, V. Dokukin, Yu. Ruzhin, IZMIRAN, 

1.11 Small Satellites with Plasma Engines Designed for Research and 
Applied Problem Solution 
V. Balebanov, A. Zakharov,  IKI RAN, Russia, 
R. Sagdeev, Maryland University, USA, 
V. Dolgopolov, K. Pichkhadze, Lavochkin NPO, 
G. Efremov, P. Nosatenko, NPO MASH, 
A. Medvedev, V. Hatulev, Khrunichev GKNPTs, Russia 



1.12 Advanced High Class Launch Vehicles 
A. Kiselev, A. Medvedev, V. Karrask, E. Motorny, V. Yuriev, 
Khrunichev GKNPTs, Russia 

1.13 MAKS-D: Demonstration of the MAKS Aerospace System 
G. Losino-Losinsky, NPO Molnya, Russia 

1.14 Multifunctional Research Microsatellite:  Configuration Concept, 
Structural Layout-Operations Organization 
Yu Agafonov, V. Khrapcehkov, IKI, Russia 
P. Triska, Ya. Voita, CzGFI, Czechia 

1.15 Transportable Launch Systems for Small Satellites Launches 
A. Utkin, KBSM, Russia 

1.16 Propulsion Plants of Small Space Vehicle 
E.   Larin,   B.   Nekrasov,   NIIMASH,   G.   Resh,   NPO   MASH, 
Yu. Vershinin, IEF URo RAN, Russia 

1.17 Small  Spacecraft with Electrical Thrusters  Design Parameters 
Selection Launch by Light Launch Vehicles 
G. Popov, G. Malyshev, V. Kim, V. Kulkov, NIIPME MAI, 
Russia 



OcHOBHbie HanpaBJieHHH pa3BHTHa MajIOH KOCMHHeCKOH TeXHHKH 
B POCCHH 

IO.H. KOHTCB, PKA, B.<D. YTKHH, H.A. AH(|)HMOB, HHMHMam 

KocMH^ecKaa fleaTejibHocTb, HaMaraa B Hamen cTpaHe 41 roa Ha3a# 
3anycKOM nepBoro HCKyccTBeHHoro cnyrHHKa 3eMJiH - Manoro 
KocMHraecKoro annapaTa MaccoH 80 KT, nojiynnjia ÄajibHeninee ninpoKoe 
pa3BHTiie H B HacToainee BpeMa aBjiaeTca o6menpH3HaHHbiM acJxpeKTHBHMM 
cpe^cTBOM pemeHHa acH3HeHHO-BaacHbix npoÖJieM HejioBeliecTBa. 

rjio6ajibHa« no xapaicrepy npHMeHeHHa KOCMEraecKaa TexHHKa, He 
3aMbiKa.HCb B pawtKax HannoHajibHbix rpaHnn peniaeT Ha npHHnnnnajibHo 
HOBOM ypoBHe 3aaaqn CBM3H, HaBiirannn, HaOjnofleHna 3eMJin n KocMoca, 
npHpoflonojib30BaHHH, 3KOjiornHecKoro Kompojia, HH(popMannoHHoro 
oÖecneiemia n MHorne flpyrae. 

Ha pyöejKe HOBoro TbicaqejieTHa KocMiraecKaa ^eaTejibHocTb B POCCHH 
pa3BHBaeTca no cjieayioinHM KpynHbiM HanpaRüemiaM: 

♦ CBM3b, TejieBemaHHe n HaBHranna 
♦ AHCTaHHProHHoe    30H^HpOBaHHe    3eMJin,    MeTeoHaöjno^eHHe    n 

KocMnqecKHH MOHHTOPHHF 

♦ KoMMepnecKaa   fleaTejibHocTb,    B   T.H.   ycjiyrn   no   BbiBeaeHHio 
3apy6ex<Hbix KA pa3jiiPiHoro Ha3HaaeHHa 

♦ Co3flaHne Haymo-TexHiwecKoro n TexHOjioraaecKoro 3aflejia jijm 
nepcneKTHBHoii KocMHwecKon TexHHKH 

KocMmecKaa fleaTejibHocTb POCCHH ocymecTBjiaeTca B cooTBeTCTBnn c 
<J>e,aepajibHOH KocMEraecKofi nporpaMMon Ha nepnofl #o 2000 n 2005rr B 

paMKax BbiflejieHHbix rocÖKWKeTHbix cpe^cTB 3a cneT npHBJieHeroia 
poccHHCKoro H 3apy6e3KHoro aacmoro (HerocynapcTBeHHoro) KanHTajia. 

npHHSTbie B nocjießHHe ro^bi npe3HfleHTOM H npaBHTejibCTBOM 
POCCHHCKOH OeflepamiH pememia co3#ajiH ycjioBHa fljia pa3Bnraa 
Me^cnyHapOÄHoro coxpynHHaecTBa, Bbixo^a CTpaHbi Ha MHpoBon 
KocMEraecKHH pwHOK. K HacroameMy BpeMeHH 3aKjnoqeHbi 
MexarocyitapcTBeHHbie      H      MexnpaBHTejibCTBeHHbie      CorjiaineHHa      o 
COTpyaHHHeCTBe  B  o6jiaCTH  KOCMHHeCKOH fleaTejIbHOCTH  c   15   CTpaHaMH,   B 
TOM aHcjie c CIIIA, ^nonnen, KHTaeM, HHflnen, Eojirapnen, Epa3HJineH, 
ApreHTHHon, CTpaHaMH, BxojfnnnHMH B EßponencKoe KocMHaecKoe 
areHTCTBO (EKA), PKA noanncaHbi TaioKe corjiaiueHHa c KOCMHaecKHMH 
areHTCTBaMn 14 cTpaH H EKA. 

K ocHOBHHM MeaqjyHapo^HbiM KOCMEraecKHM nporpaMMaM c yaacraeM 
POCCHH OTHOcaTca: 

HccjieflOBaHna, 3KcnepHMeHTbi, aKcne^nnHH Ha craHnnio "Mnp" H 
npoeKT co3/i;aHHa MeagiyHapoflHOH KocMHaecKOH craHnnn; 

BbinojiHeHHe HayqHbix paöox no nporpaMMaM "Cneicrp" 
(acTpo4>H3HraecKHe nccjieaoBaHna B paannaHbix ffnana30Hax 
sjieKTpoMarHHTHoro cneKTpa), "AyOC-CM" (Ha6jno#eHHe Cojmna c 
op6nTbi   HCKyccTBeHHoro   cnyrHHKa   3eMjin),   "nporH03-M2"   (H3yaeHHe 
COJIHeHHOH    aKTHBHOCTH,     nponeCCOB    B    3eMHOH    aTMOc4>epe,     COJIHeaHO- 

K). KonTeB H ffp. 



3eMHbix CBflseö), 'TpaHaT" (npoBetiemie acTpo<pH3HraecKHX HCCjieflOBamm B 

pa3jiH*fflbix      ^Hana30Hax      sjieKTpoMaraHTHoro      cneKTpa),       "BHOH" 

(npOBe^eHHe      MeAHUHHCKHX     HCCJieflOBaHHH),      "OOTOH"      (npOJOBOACTBO 
MaTepnajioB B KOCMiwecKHX ycjiOBHHx), "MeTeop" 
(rimpoMeTeopojiorEraecKoe o6ecneneHHe); 

BMBefleraie      POCCHHCKHMH      paKeTaMH-HOCHxejimm      3apy6e5KHbix 
nOJieSHblX Haipy30K (KOCMHHeCKHX OÖbeKTOß).   OcHOBHMMH  H3BeCTHMMH  B 
MHpe ÄRüÄioTca oTenecTBeHHbie PH "IlpoTOH" H "COK>3". 

MewtyHapoflHoe coTpyflHiraecTBO B oojiaera KOCMOca - 3TO 
o6beKTHBHafl peajibHocTb B nocxynaTejibHOM pa3BHTHH HHBHJiH3anHH H 

HanpaBjieHo B nepByio onepeflb Ha coxpaHeHHe *:H3HH Ha 3eMJie. fljra 
POCCHH     B     yCJIOBHHX     COKpaiU,eHHfl     ÖlOflaceTHOrO     {pHHaHCHpOBaHHÄ     Ha 
KocMiwecKyio ÄeHTejibHocTb OHO HBJiaeTCÄ eme OäHHM H3 nyreH 
coxpaHeHiw KocMHqecKoro noTCHHHajia. 

CoBpeMeHHbiH MHpoBOH pbiHOK KocMHHecKOH npoflyKHHH H ycjiyr 
BKJiioHaeT: KOMMepnecKHe cHCTeMbi cnyroHKOBOH CBM3H (75%), 
HaBHraqHOHHbie CHCTeMbi (15%), KOMMepnecKoe Hcnojib30BaHHe cpeacTB 
BbIB6fleHHfl   (7%),   «HCXaHUHOHHOe  SOHflHpOBaHHe   3eMJIH  B  KOMMep^eCKHX 
HejiMX (2%), flpyrae cocTaBjiaiomHe pbrnxa (1%), • KOMMep^ecKoe 
Hcno^b30BaHHe nunoTHpyeMbix nojieTOB, npqzjaiKa aneMeHTOB PKT (fly, 
cneiiannapaTypbi, nojiyqeHHe MaTepnajioB H ÖHonpenaparoB B ycjioBnax 
KocMiPiecKoro npocTpaHCTBa). 9TOT PWHOK B 6jiiüKaräneH nepcneKTHBe 
6yaeT ÄHHaMHHecKH pa3BHBaTbca H B 6jiH)KaHiiiee aecHTHJieTHe O6IIIHH 

oöbeM npoaax KA, sanycKOB PH no HX BWBefleHHio H ycjiyr B oojiaera 
KOCMH*ieCKOH CB»3H, #33  H HaBHraUHH Ha MHpOBOM KOCMIM6CKOM pblHKe 
cocTaBHT 6ojiee 100 Mjipfl.aojiJi. 

PoccHfl     pacnojiaraeT     peajibHbiM     KOCMEraecKHM     noTeHUHajioM, 
npOBOflHT HCCJieaOBaHHJI H pa60TM no BCeM HanpaBJieHHHM KOCMOHaBTHKH, 
HMeeT 3«ecb H3BecTHbie pesyjiBraru, roxoBa K B3aHMOBbiroflHOMy 
coTpyÄHHHecTBy c ÄpyrHMH rocyzjapcTBaMH B KOCMiwecKOH o&iacra 
ßeüTejibHocTH H 3aHHTepecoBaHa B HeM. 

CrpyKTypa KOCMERCCKOH npo«yKHHH H ycjiyr POCCHH oTjinqaeTca OT 

cTpyKTypbi MHpoBoro pwHKa H BKJiioHaeT (nporao3 Ha 2000r): cpe^cTBa 
BbiBeÄeHHa - 60%, ajieMeHTbi PKT - 10%, HaBHrannoHHyro annaparypy - 
10%, CHCTeMbi CBH3H - 9.5%, nHJiorapyeMyio nporpaMMy - 8%, flamrae 
#33 - 2.5%. B03MOJKHOCTH POCCHH K 2000 roay cocraBaT 25-30% ox 
MHpoBoro pwHKa sanycKOB. ßjra HX peajnmnHH B nepByio onepe^b 
Heo6xoÄHMa Moaepmiaamra PH "Coios" H "npoTOH". B pememie 3TOH 

3tmmn onpeaejieHHWH BKJiafl OKaaceT co3flaHHe Ha 6a3e MBP KOMiuieKcoB 
paKeT-HocHTejieft (npoeKTbi "POKOT", "Anenp" H äP-). TojibKo B STOM 

cnyqae craHeT peajibHocTbio nojiyqeHHe 3aKa30B Ha BbiBeaemie nojie3Hbix 
Haipy30K, oTBenaiomHX STOH /tone MHpoBoro pbiHKa. HacTajio BpeMfl 
npHBecTH poccHHCKyio cTpyKiypy KocMHHecKoii npoflyicnHH B 6ojibmee 
COOTBeTCTBHe c o6meMHpoBOH CTpyKTypOH. 

POCCHJI npoAOjixaeT H pa3BHBaeT B3aHMOBbiroflHoe coTpy/mmecTBO c 
YKpaHHOH,   BejiopyccneH,   Y36eKHCTaHOM   no   ocBoeHHio   KocMoca,   HTO 

n03BOJIHeT COXpaHHTb OCHOBy paKeTHO-KOCMIFieCKOH npOMblllUieHHOCTH. 



BMecTe c TeM 3a nocjie^Hee flecflraneTHe BO BceM MHpe npoaBHjincb 
TeH#eHUHH nepexofla or HcnojibsoBamra TJDKejiofi H floporofi TpaflHnnoHHOH 
MHOrOCpyHKUHOHattbHOH       KOCMIWeCKOH       TeXHHKH       K       HCnOJIb30BaHHIO 
MajioMaccora6apHTHOH KOCMHHCCKOH TexHHKH (TaM, me aro 
npHHiuHnnajibHO BO3MO>KHO), co3ZcaBaeMOH Ha 6a3e nocjie^HHx flocTioKeHHH 
B  OÖJiaCTH  MHKpOMHHHaTK)pH3aU,HH   BCeX  ÖOpTOBblX   CJiyJKeÖHMX  CHCTÜM   H 
n;eji6BOH annapaTypw nojie3Hbix Harpy30K. Bjiaro^apii STOH TeHfleHUHH 
cTOHMOCTb ycjiyr KocMmecKOH TCXHHKH cmDKaeTCÄ Ha 20-30%% B rofl, 
cpoKH co3flaHHfl HOBoro noKOJieHHa KOCMmrecKHX annapaTOB yMeHbinaioTCfl 
c 8-10 jieT flo 2-3 jieT, 3aTpaTbi Ha co3flaHHe HOBOH KocMHHecKOH Texmacn 
GbicTpo OKynaioTCM. 

B POCCHH cjioacHBinHecu HanpaBjieHHa KOCMHHCCKOH fleaTejibHocra 
coxpaHii-^TCfl H nocjie 2000r, o^HaKo nyra TexHHHecKOH peajiH3amiH, 
Hapa^y c TpaflHHHOHHbiMH Bee B öojibioeH cTeneHH 6ynyr öainpoBaTbca Ha 
HOBbix nporpeccHBHbix peiueHHsrx, BKjnoHa» pa3pa6oTKy HOBWX Majibix 
KOCMHHecKHX annapaTOB, jierKnx paKeT-HocHTejieii, ymi<pHnHpoBaHHbix 
Majibix KocMHraecKHX iuiaTdpopM, npHroziHbix jyw Hcnojib30BaHna B cocTaBe 
urapoKoro cneicrpa cpeflCTB BbiBe^eHUH, pa3pa6oTKy CHCTCM 

HCKyccTBeHHoro HHTejijieK'ra, co3AaHHe MexruiaHeTHbix CTamniH H äP- 

HanSojiee floxo#HbiMH c<pepaMH fleirrejibHoera poccHÖcKofi 
KOCMOHaBTHicH Ha 6jiHDKaiiniee ÄecjrnuieTHe MRiraioTCfl pa3Bnrae 
cnyTHHKOBOH CB5I3H H HaBHranHH (ocoöeHHO - ßjm yaajieHHbix paöoHOB H 

TpaHcnopTa), KOCMJMCCKHX CHCTCM ,0,33 (KapTorpacpHpoBaHHe, 
Hccjie^oBaHHe npnpoflHbix pecypcoB, MeTeooGecne^eHne, sKOjioranecKHH 
MOHHTopHHr, npHpo,n;ono.Jib30BaHHe, npeflynpejKaeHHe o npnpo/jHbix n 
TexHoreHHbix oeflCTBiMX H KaTacrpocpax). HMCHHO B STHX ccpepax Be^yma« 
pOJIb npHHaflJieXCHT MajIOH KOCMHHeCKOH TeXHHKe. 

MHoro Hay*iHbix 3anan B OKOJi03eMHOM H #ajibHeM KocMoce MoaceT 
6biTb BbinojiHeHo jinuib (Sjiaroaapa Hcnojib30BaHHio Majioö KOCMHTCCKOH 

TeXHHKH. 
IÜHpoKoe Hcnojib30BaHHe nocjie^HHX HayqHo-TexHiraecKHX H 

TexHo^orHMecKHx ,n;ocTHxeHHH oxaateT ÖJiaroTBOpHoe BJiHHHHe H Ha 
TpaflHHHOHHyio   KOCMEraecKyio   TexHHKy   H   Ha   flpyrae   OTpacjra   HayKH, 
TeXHHKH, npOMbllllJieHHOCTH, 3KOHOMHKH. 

CoKpameHHC 6lQH>KeTHOrO (pHHaHCHpOBaHHH KOCMHHeCKOH 
ÄeüTejIbHOCTH - 3TO He TOJIbKO pOCCHHCKa«, HO H OÖmeMHpOBaa TeHfleHHHfl. 
B STHX ycjioBHüx pacniHpeHHe MeagryHapo^Horo coTpyaniraecTBa üBJiaeTca 
OflHHM    H3    TJiaBHblX   yCJIOBHH   ÄajIbHeHLUerO    pa3BHTHH    KOCMOHaBTHKH    B 
HHTepecax Bcero wjioBeqecTBa. 
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IJejieBaa nporpaiwiwa 
KoonepauHH npeflnpuHTHH HUO MauiHHOCTpoeHHn no «WflaHHio iwajiwx 

KOCMHHeCKHX aimapaiOB ftHCTaHUHOHHOrO 30HflHpOBaHHH 3eMJIH H CBH3H C 

Hcnojib30BaHneM «Jin HX BbiBeAeHHH paKeTbi HOCHTejin "CTpejia" 

T. EtppeMOB 
HUO MaUIHHOCTpOeHHH 

143952 r. PeyroB, MocKOBCKan oöJiacTb 
yji. TarapHHa, 33 

OaKc: (095) 302 2001 

B flOKjiaae npeflCTaBJieHa nporpaMMa fleficrBHH MIO MainHHOcrpoeHHa no 
C03flaHHK) Majibix KOCMHHeCKHX annapaTOB flHcraHUHOHHoro 30H«HpoBaHHH 3eMjiH 

H CBH3H. 
YcTOHHHBoe coBpeMenHoe cocxoaHHe npeflnpiuroiH B coHeraHHH c SorarbiM 

onuTOM flajio B03MoacHocrb HUO ManmHOcrpoeHHa npoBecra pa« pa3pa6oTOK H Ha 
HX ocHOBe pa3pa6oTaTb npeflJiaraeMyio nporpaMMy, Ha3BaHHyio "IIparMaTHHHbiH 
KOCMOC". Ha3BaHHe Bbi6paHO He anynaHHO, nparMaranHbiH no«xo;a; npHHaT KO BceM 
acneicraM IIporpaMMbi: TexHHnecKOiviy, opraHroauHOHHOMy, (pHHaHCOBOMy 

HUO MainHHOCTpoeHH« npeffnaraeT 3Ty IIporpaMMy BMecre c paflOM 
npeflnpHSTHH H opraHH3an,HH - eflHHOMbimjieHHHKOB, HMeiom.HX MHorojierHHH onbrr 
coBMecTHofi pa6oTbi H pa3,zjeji$nomHx nejiH, 3a#aHH IIporpaMMbi H npefljiaraeMbie 
nyTH ee peajiH3auHH. IIporpaMMa He HBJiaerca florMaTHHHbiM, 3aMKHyTbiM 
AOKyMeHTOM, H npe^nojiaraeT flajibHeßinee CBoe coBepmeHCTBOBaHHe H pa3BHTHe, 
KaK B HaCTH KOHKpeTHblX npoeKTOB, TaK B HaCTH HOBblX yHaCTHHKOB. 

IJejiH IIporpaMMbi onpeflejieHbi HCXOäH H3 "KoHnennHH HauHOHajibHOH 
KOCMHHecKOH noJiHTHKH POCCHHCKOH <J>eÄepaUHH". 

OcHOBHbiMH npHHunnaMH, Ha KOTopbix nocrpoeHa IIporpaMMa HBJISHOTCH 

BOCTpeÖOBaHHOCTb   H   KOHKpeTHOCTb   COCTaBJUüOmHX   ee   npoeKTOB   H   ÄOCTaTOHHO 
6biCTpaa    npaKTHHecKaa    peajiH3yeMOCTb    STHX    npoeKTOB    B    coBpeMeHHbix 

3KOHOMHHeCKHX yCJIOBHJK. 
B KaHecTBe npHopirreTHbix HanpaBjieHHH IIporpaMMa oxBaTHBaeT.- 

-3anycK KOCMHHCCKHX annapaTOB Ha paKeTOHOCHTejwx, co3«aHHbix Ha ocHOBe 
nofljieacamnx yHHHToaceHino B cooTBercTBHH c MeacflyHapoflHbiMH corjiaineHHAMH 
MBPPC-18HPC-20; 

-C03flaHHe yHH^HUHpOBaHHOH MaJIOMaCCOBOraGapHTHOH KOCMHHeCKOH 

raiaT(J)opMbi (YMKII); 
-pa3pa6oTKy H C03flaHHe Ha 6a3e Majibix KOCMHHeCKHX annapTOB  c YMKII 

KOCMHHeCKHX CHCTCM Jß3 pa3JIHHHOrO Ha3HaHeHiw; 
-pa3pa6oTKy H co3flaHHe Ha 6a3e Majibix KOCMHHeCKHX annapaTOB c YMBCII 

KOCMHHeCKHX CerMCHTOB CHCTCM CnyTHHKOBOH CBA3H; 
PeajiHsauHH IIporpaMMbi no3BOJiHT MaKCHMaubHO Hcnojib30Barb 

cymecTByioinHH B crpaHe MaTepHajibHbift, TexHHHecKHfi H HaynHbrfi 3a«eji, 
yMeHbuiHTb 3arpaTH Ha npoeicrbi, HanpaBjieHHbie Ha pemeHHe 3aflan HanHOHajibHofl 
6e3onacHOCTH, cKOHneHTpHpoBaTb cpeflCTBa, B TOM HHcne KOMMepnecKHe H 

Meac^yHapoAHbie, jura flOCTHJKeHira pesyjibTaTOB. 



A Dedicated Program of Scientific-Production Association of Machine 
Engineering (NPO MASH) Enterprises Cooperation for Bidding Earth 
Remote Sensing and Communications Spacecraft to Be Orbit-Injected 

by STRELA Launch Vehicles 

GA. Efremov 
NPO MASH, Russia 

The level of the world space technology on the threshold of a new 
millenium allows to start extensive industrial and commercial application 
of space systems not only in communication but also in the Earth remote 
sensing (ERS), navigation, production of high-quality materials and 
applied research. 

Because of significant costs of creation, deployment and operation of such 
systems, sharp reduction of such costs is a key to successful conquering of 
the emerging broad market of space services. Space system designers pay 
special attention to solution of these tasks with the help of small-size 
spacecraft using light-class launch vehicles to launch spacecraft or to 
replenish their stock on orbit. In Russia, ICBMs being decommissioned 
under START-2 treaty and properly modified are a good source of such 
light-class launch vehicles. 

Since in the coming years there will be sufficient quantity of launch 
vehicles with lifting capacity of 1-4 tons, the Russian space industry is 
capable of creating ERS spacecraft of a mass of ~ 0.8 -1.21 that would 
have high performance data and carry optical and radar observation 
instruments producing images with resolution close to 1 m. Space industry 
enterprises have sufficient stock of service systems for such spacecraft. 

An NPO Mashinostroyenia-led subcontractor network that includes 
MNTIP, RNIIKP, LOMO, OPTEX, GOSTSNURTI, NIIEM, OKB MEI, 
NTITP, OKB Vympel, Rubin have developed a project of small-size 
spacecraft for ERS and communication using, as a launch means, Strela 
launch vehicle converted from RS-18 ICBM. 



OCHOBHBie HanpaBJieHHH npHMeHeHHH H pa3BHTHH 

KüHneiiijHH MajiMX ciiyniHKOB B npaKTiiKe paöoT TKB "lOHraoe" 

C.KOHIOXOB 

TKB "lOacHoe" 
320008 YKpaHHa, r.^HenponeTpOBCK 

yji.KpHBopo^ccKaa 3 
<DaKc: (0562) 925041, (0562) 700125 

B ßOKJiaße paccMaTpHBaioTca Bonpocbi co3«aHHa H npHMeHeHHH KOCMHHCCKHX 

annapaTOB Majioft pa3MepnocTH. 

Onpe,a;eneH&i pajMepHOCTb nojia xapaicrepHCTHK KA (Macca 6a30Bbix 

njiaT^opM <200 KT) H napaMeipbi THnopa3MepHoro paaa 6a30Btix njiaT<j)opM. OnncaH 
npHHHHnHajibHbiH noaxoÄ K nocTpoeHHio öopTOBoro annapaTypHoro KOMnneKca H 

KOHCTpyKHHH KA. C^opMHpoBaH&i o6jiacTH neneBoro npHMeHeHHH Mantix KA: 
onepaTHBHoe Ha6jiiOÄeHHe noBepxHocTH 3eMJiH c noMombio rpynnnpoBKH KA, 
BBiBOflHMtix Ha op6nTy oflHOH paiceTOH-HocHTejieM; HayHHbie 3KcnepHMeHTbi B 

o6jiacTH ceficMHHecKoro MOHHTopHHra; HayHHbie BKcnepHMenrbi B o6jiacTH 
KOCMHHecKofi TexHOJiorHH, ÖHOTexHOJiorHH, ÖHOMeÄHHHHbi c oöecneneHHeM 
BbicoKOKanecTBeHHbix yaiiOBHH MHKporpaBHTanHH H B03Bpam;eHHH MaTepHam.Hbix 
pe3yjibTaTOB 3KcnepHMeHTOB Ha 3eMjno; flH^epeHnHaJibHaa cnyTHHKOBaa HaBHranHH. 
PeKOMeHflanHH no nocTpoeHHio opÖHTajibHbix rpynnHpoBOK pa3pa6oTaHbi c yneTOM 
Hcnonb30BaHHH pacnojiaraeMoro napKa cpe/iCTB BbiBeaeHHH H 3KOHOMHH6CKHX 

4>aKTopoB. npHBefleHbi cBeneHHa o TexHHnecKOM o6jrHKe H xapaKTepncTHKax KA. 
KbjioaceHbi coo6paaceHHH no opraHH3anHH MeawyHapoflHOH KoonepauHH «JIH 

ocymecTBjieHHH pa3pa6oTKH KA. 

C. KOHIOXOB 
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BonpocH co3flaHHH H npHMeHeHHa KOCMHHCCKHX annapaTOB MarioH 
pa3MepHOCTH 3aHHMaioT BaacHoe MecTO B HOMemuiarype paöoT, BbmojiHaeMbix 
TKB "K)acHoe" c KoonepanneH no 3aKa3y HanHOHajibHoro KOCMHnecKoro areHTCTBa 
YKpaHHbl. 

B OT^ejibHoe HanpaBJieHne BtmejieHH pa6oTbi no coa^amno KOCMHnecKHx 
annapaTOB MHKpocnyTHHKOBoro KJiacca (c Maccofi 6a30Btix njianJiopM <200 Kr). 3TO 

oGbHCHHeTCJI, B nepByiO OMepeflb, OÖteKTHBHblMH flOCTOHHCTBaMH MHKpOCnyTHHKOBblX 
TexHOHomH, o6ecneHHBaiomHMH pemeHHe MHOTHX TpaunnHOHHbix ranoB 3an;aH c 
MeHbinHMH 3aTpaTaMH H Ha BHCOKOM TexHHHecKOM ypoBHe. JSpymu oöcToaTejibCTBOM, 
OÖyCJIOBHBUlHM      npaKTHHeCKHH      HHTepeC      K      pa3BHTHK)      MHKpocnyTHHKOBoro 
HanpaBJieHHH paöoT B YKpaHHe, aBJiaeTca TO, HTO MHKpocnyTHHKH Jiynme jnoöoro 
ßpyroro BH^a KocMHHecKoft TCXHHKH noÄXO^aT Ha pojib HHCTpyMeHTa ana pemeHna 
samara  TexHonorHHecKoro  nepeocHameHHa,  nocTaBjieHHoii  nepe,n;  HanHOHanbHOH 
KOCMHHeCKOH OTpaCJIbK).  3^eCb HMeiOTCH BBHfly MHKpOMHHHaTK)pH3aii;Ha öopTOBoro 
oGopyuoBaHna, nrapoKoe Hcnojib30BaHHe nojiHMepHbix H KOMno3HHHOHHbix 
MaTepnajiOB, mnerpaHHa 6opTOBoro annapaTypHoro KOMnjienca Ha ocHOBe cpe^cTB 
BblHHCJIHTeJIbHOH TeXHHKH, HCnOJIB30BaHHe HerepMeTHHHblX KOHCTpyKHHH,  C03flaHHe 
Ha3eMHbix aBTOMaTH3HpoBaHHbix HcnbrraTejibHbix KOMnneKCOB H #p. C yqeTOM 
yKa3aHHbix 4>aKTopoB co3flaHHe MHKpocnyrHHKOB H HX npHMeHeHHe no nejieBOMy 
Ha3HaHeHHK> npeaycMOTpeHbi caMocroaTenbHOH no3HU.HeH B Tocy^apcTBeHHOH 
(HanHOHajibHOH) KOCMHHecKofl nporpaMMe YKpaHHbl Ha 1998-2002 rr. 

BbwejunoTcfl me <j>a3bi B pemeHHH nocTaBjieHHoii 3azjaHH - pa3pa6oTKa 
yHH^HHHpoBaHHOH cnyTHHKOBofi njiaT^opMbi MHKpoKJiacca H ocHameHne ee 6opTOBoft 
nojie3HOH Harpy3KOH cooTBeTCTByiomero nejieBoro Ha3HaneHHa. CaMa njianjwpMa 
MOMceT HcnojiHSTbca B Tpex MOÄHiJtHKanHax MC-1, MC-2, MC-3, oTJiHnaiomHxca 
MaCCOH (60 KT, 120 Kr H 200 Kr COOTBeTCTBeHHO) H ^yHKUHOHaJIbHblMH 
B03MOaCHOCTaMH. 

ripn pa3pa6oTKe MO,zu«j)HKauHH yHH^HHHpoBaHHOH njiaT^opMbi BOnpOCbl 
nocTpoeHHa HX öopTOBoro oöecneHHBaioinero KOMnjieKca H KOHCTpyicnHH 
paccMaTpHBaioTca c yneTOM BO3MO)KHOCTH Hcnojib30BaHHa CAHHHX pjiz Bcex 
MOAH^HKanHH 6a30Bbix cocTaBHbix nacreo o6ecneHHBaK>mero KOMnjieKca. 3TOT 

npHHnnn peanH3yeTca cjie#yiomHM o6pa30M: 
fljia Bcex Tpex MO,zm<f>HKanHH npe^ycMOTpeHa e^HHaa KOHCTpyKTHBHo- 

KOMnoHOBOHHaa cxeMa; 
cHCTeMa ynpaBJieHHa opHeHTanneH H cTaÖHjiH3anHH H annapaTypa 

coBMemeHHofi KOMaHAHO-TpaeKTopHoii paflHOJiHHHH npHMeHaioTca Ha MC-1, MC-2, 
MC-3 c Hcnojib30BaHHeM OäHHX H Tex ace 6a30Bbix Moayjien; 

B cocTaBe 6opTOBoro nni^poBoro BbiHHCJiHTeJibHoro KOMnjieKca nepeMeHHOH 
HacTbK) aBJiaioTca TOJIBKO MoayjiH conpaaceHHa c nojie3HOH Harpy3Ko8; 

4)opMHpoBaHHe TpeöyeMbix 3anacoB paßonero Tejia aBHrarejibHOH ycTaHOBKH 
(TaM, me OHa HcnoJib3yeTca) ocymecTBJiaerca noßöopoM HyacHoro KOJinnecTBa 
CTaH^apTHbix öajiJiOHOB; 

Hcnojib3yiOTca oAHoranHbie 3JieMeHTbi KOHCTpyKnHH (noBopoTHbie ycTpoficTBa, 
TOJiKaTejiH, ycTpoHCTBa 3aneKOBKH H jxp.). 

TnnoBaa KOH<J>Hrypau.Ha MHKpocnyTHHKa npHMeHnrejibHO K cy6cnyTHHKy 
aKTHBHoro MOHHTopHHra KocMHHecKoro KOMnjieKca "IIonepeAaceHHa" noKa3aHa Ha 

pHC.l. 

C. KOHIOXOB 
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C. KOHIOXOB 
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BbiBe^eHHe MHKpocnyxHHKOB Ha opötny MoaceT ocymecTBJiflTbcs pa3JiHHHbiMH 
cnoco6aMH (COBMCCTHO C apyrHMH KA, rpynnoBbiM 3anycKOM). 3TO oöcToaTeubCTBo 
yMHTblBaeTCa   npH   Bbl6ope  CHJIOBOH   CXeMbI  KOHCTpyKUHH   H   KOMnOHOBKe   ÖopTOBOH 
annapaTypbi. 

HaHÖojiee npoflBHHyra ceroflHa pa3pa6oTKa nepBOH, oTpaöoTOHHoft 
KOMnjieKT^HH MHKpocnyTHHKa MC-l-TK. OHa npeflHa3HaneHa, B OCHOBHOM, äJIS 

npoBepKH H noATBepaweHHfl B ycjioBnax aKcmryaranHH OCHOBHBIX TexHHHecKHX H 

TexHOJioranecKHx penieHHÖ no oxzjejibHbiM ajieMenraM KOMnjieKca TexHHHecKHX 
cpe^cTB caMoro MHKpocnyTHHKa H cooTBeTCTByiomHX Ha3eMHbix cpejjcTB noflroTOBKH 
K 3anycKy, ynpaBJieHH» B nojieTe, npneivia H o6pa6oTKH HH4>opManHH. MHKpocnyTHHK 
MC-l-TK pemaeT H neneBbie 3a#aHH - nojiyneHHe H3o6paaceHHH 3aa;aHHbrx ynacTKOB 
noßepxHOCTH 3eMJiH äJW Hapo«HOxo3aHCTBeHHoro H HayHHoro Hcnojib30BaHHa, a 
TaKace OTpaöoTKH nepcneKTHBHbix TexHonorHH Ha6jno,n;eHHa 3CMJIH. J\ns. STOTO 

MHKpocnyTHHK co^epacHT B cocTaBe nojie3HOH Harpy3KH Manora6apHTHyK> 6opTOByio 
TejieBH3HOHHyio KaMepy BHäHMOI-O ÄHana30Ha H 6opTOByio annapaTypy cnennajibHOH 
HH^opMaHHOHHOH paflHOJiHHHH, pa6oTaK>meH B ÄHana30He nacroT 2200...2600 Mrn. 

Hnace npe^CTaBJieHbi ocHOBHbie xapaKTepHCTHKH MHKpocnyTHHKa: 
cneKTpajibHbrä flHana30H Ha6jno#eHHS 0,45.. .0,90 MKM, 

peacHM HaöjnofleHHfl - KajrpoBbiH, 
mnpHHa nojiocbi o63opa - 160...320 KM, 

pa3peinaiomaa cnoco6HocTb (B Hannpe) - 160 M, 

CKopocTb nepe^aHH HH(J>opManHH - He MeHee 256 K6HT/C, 

norpeuiHOCTb opneHTannH H cTa6HJiH3anHH oceft 
MHKpocnyTHHKa B op6HTanbHOH CHCTeMe KOopflHHaT -    He xyace 2° (a). 
MHKpocnyTHHK 6y^eT BbiBO^HTbca Ha KpyroByio op6HTy BHCOTOH 650 KM C 

HaKJiOHeHHeM 82,5° paKeTOH-HOCHTeneM "IJHKJIOH-3" B KanecTBe nonyrHoro rpy3a 
coBMecTHO c pa3pa6aTbiBaeMbiM TKB "K)acHoe" KOCMHHCCKHM annapaTOM "Cin-IM". 

Co3ÄaHHe OTpa6oTOHHOH KOMnjieKTanHH MC-l-TK no#KpenjweTCfl B TKE 
"lOacHoe" paöoTaMH no nocjie^yiomeH 3arpy3Ke MHKpocnyTHHKOBbix nnaT^opM 
KOHKpeTHbiMH HeneBbiMH 3a#aHaMH. PaccMOTpeHHe noTeHHHajibHbix 3a^an, 
Hejiecoo6pa3Hbix K nocTaHOBKe Ha MHKpocnyraHKe, noKa3ajio, HTO OHH npncyrcTByiOT 
BO Bcex rjiaBHbrx HanpaBJieHHHx KOCMKHCCKOH «earejibHOCTH - HaSjiKweHKH 3eMJiH, 
CBH3H H HaBHranHH, 4>yHflaMeHTaJIbHbrX HayHHblX HCCJieflOBaHHJIX. 

riepBbiH niar B STOM HanpaBJieHHH yace c^enaH - Ha MHKpocnyTHHKOBoii ocHOBe 
TKB "lOacHoe" ocymecTBJiseT pa3pa6oTKy cyScnyraHKOB CC-1 H CC-2 
MeacAyHapo/iHoro npoeKTa 'TIonepeflaceHHa", npecjieaytomero nejiH co3#aHHa 
3KcnepHMeHTajibHoro KocMHnecKoro KOMnjieKca CHCTCMH cnyraHKOBoro MOHHTopHHra 
ceHCMHHecKofi aKTHBHocTH 3eMJiH JUW nporH03a 3eMJierpaceHHH H npoBefleHHH c ero 
noMomwo o6niHpHOH nporpaMMbi HaynHbix HCCJieflOBaHHH no noncKy H H3yHeHHK> 
npeÄBecTHHKOB 3eMjieTpaceHHH. B npoeKTe ynacTByiOT HayHHbie opraHH3anHH H 

cneHHajiHCTbi YKpanHbi, POCCHH, IIojibHiH, HexHH, BeHrpHH, AHHIHH, UIBCHHH, 

OpaHnHH, C1IIA, rpy3HH. CyßcnyrHHKH CC-1 H CC-2 co3flaioTca Ha 6a3e njiaT^opMbi 
MC-3, BbiBo^flTca Ha op6my BMecTe c OCHOBHBIM KA paKeToft-HOCHTejieM "L];HKJIOH-3" 

H B Op6HTaHbHOM nOJICTe OCymeCTBJIfllOT aKTHBHblfi H 3JieKTpOMarHHTHbIH MOHHTOpHHr 

HOHOc4>epHoft nna3Mbi. 
IlpHMeHHTejibHO K 3a#anaM Ha6jiK>fleHHa 3eMJiH MHKpocnyrHHKH 

npeflCTaBJiaioTca onTHManbHbiM HHCTpyMeHTOM jvm o6cnyacHBaHHa «ocTaTOHHO 
6ojibiHoro H ycTOHHHBoro Kpyra noTpeOHTeneH, HcnoJib3yiomHX MHoro30HajibHyio 

C. KOHIOXOB 



HH(J>opMamiK) cpe/mero pa3pemeHHa Ha nocToaHHOH H peryjrapHOH OCHOBC C 
noMombio .zjaHHbix c TaKHx KA pemaiOTca Ha oömerocyzjapcTBeHHOM H peraoHajibHOM 
ypoBHflx 3a#aHH cenbCKoro, jiecHoro H BOAHOTO XO33HCTB, SKOJiorHnecKoro 
MOHHTopHHra, reojiorHH H T.R. IIpH HOJIHOM yneTe cnenniJiHKH 3sma% Tpe6yiomHX, KaK 
npaBHJio, HaöJHoaeHM c cojmeHHO-cHHxpoHHbix op6HT BbicoTOH nopfl^Ka 650 KM, 

nepHOflHHHOCTH oÖHOBjieHHfl HH<|>opMaHHH 1...2 cyTOK H cpejjHeM pa3peuieHHH 
onTHKO-ajieKTpoHHHX npn6opoB 30...100 M B nojioce o63opa 360...500KM, AJM 

cpeflHHx HiapoT HaGjiiofleHHa ÄoexaroHHo 6yfleT Hcnojib30BaTb opOHTajibHyio 
rpynnnpoBKy H3 3...4 KA. TpynnnpOBKa TaKOÄ HHCJICHHOCTH B OAHOH openrajibHoä 
njiocKocTH npn Macce Kaamoro MHKpocnyrHHKa no 300 Kr MOHCCT öHTB nocxpoeHa npn 
Hcnojib30BaHHH Bcero o#Horo 3anycKa paKeTOH-HocHTejieM THna 'TjHenp". 3TOT 

npHMep aBJiaeTca xoporaen HJunoerpanHeH B03MoacHOCTeHt, B03HHKaioinHx npn 
nepexo^e K npHMeHeHHio MHKpocnyrHHKOB. 

ripaKTHHecKyK) peararaanHio rojioaceHHOH nocTaHOBKH 3anaHH miaHHpyeTCfl 
ocymecTBHTb B paMKax npoeKTa MC-3-/J33. EIpoeKT npcaycMaipHBaeT ccwaaHHe Ha 
6a3e mianfjopMbi Moan^HKanHH MC-3, OTpa6oTaHHOH npn BbinojiHeHHH TeMbi 
"rionepeflHceHHa", MHKpocnyTHHica MC-3-fl33 H o6ecneHHBaK>meH ero 
(^yHKHHOHHpoBaHHe HaBeMHoft HH4)pacTpyKTypbi cpe^CTB ynpaBjieHHH, npneMa H 

o6pa6oTKH HH4)opMaHHH. Ha 6opxy MHKpocnyraHKa ycTaHaBJiHBaiOTCH #Ba CKanepa 
BH^HMoro ananajoHa co oKanieM HH^opMaHHH H annapaTypa cnenHatibHOH 
HH(|)opMaHHOHHOH paflHoitHHHH HacTOTHoro ;n*ana30Ha 8,2 ITu,. Haace npHBe^eHbi 
xapaKTepncTHKH H3MepHTejibHo-HH4>opMaD;HOHHoro KOMnjieKca: 

pa3penieHHe 40 M, 

nojioca oÖ3opa (AJI>I .zmyx CKanepoB) 470 KM, 

HHCJIO cneKTpajibHbix KaHanoB 3, 
cneKTpajibHbie flHana30Hbi KaHanoB 0,45...0,52 MKM, 

0,52...0,59 MKM, 

0,62...0,68 MKM, 

K034>4>HHHeHT ynjioTHeHHa (cacaraa) HH<f>opManHH       >2, 
HH4>OpMaTHBHOCTb paflHOJIHHHH 32 M6HT/C. 

BaacHofi ocoöeHHOCTbK) npoeKTa aBJiaeTca HaMepeHHe ocHacxHTb cnyrHHK 
annapaTypHbiMH cpe^CTBaMH ynpasjieHHa peKHMaMH CBCMKH OTßejibHbix oöbeKTOB 
(pafioHOB) HaöJHOfleHHa Henocpe^cTBeHHo nojib30BarejiaMH H3 perHOHanbHbix nempoB 
npneMa HH<i>opManHH (TexHOJiorna SEE, narem YKpaHHbi N95030965 OT 01.03.95). 
3TO no3BOJiHT ocymecTBJiflTb BbmojmeHHe 3aaBKH Ha cteMKy c MaKCHMajibHo 
BO3MO»CHOH onepaTHBHOCTbio (B peajibHOM MaciHTa6e BpeMeHH) H o6ecnenHTb 3a cner 
öojiee KOppeKTHoro yneTa MeTeopojioranecKHX <J>aKTopoB Bbixoa TOBapHoft nponyKUHH 
cTaHflapTHoro KanecrBa, 6JTH3KHH K 100%. 

K ÄOCTOHHCTBaM npoeKTa cjienyeT OTHCCTH Taoce npHMeHeHHe Ha 
MHKpocnyxHHKe annapaTypbi cnyraHKOBOH HaBHranjHH. Hcnojib30BaHHe ee aaHHbix 
npH   Ha3eMHOH   06pa60TKe   HH(|)OpManHH   n03BOJIHT   nOjryHHTb   BblCOKyiO   TOHHOCTb 
KOOpflHHaTHOH npHBfl3KH HH(J)OpMaHHH. 

PacneTbi noKa3HBaiOT, HTO MOECHO noao6paTb TaKyio BbicoTy COJIHCHHO- 

cHHxpoHHofi op6HTbi B ,zmana30He BbicoT 600...800 KM, npn KOTopoü rpynnnpoBKOH H3 
2...3     MHKpOCnyTHHKOB,     paBHOMepHO     C(|)a3HpOBaHHbIX     B     OßHOH     OpÖHTaJIbHOH 
nnocKocTH, MOHCHO o6ecnenHTb nepnoflHraocTb cnnoniHoro npocMOTpa noBepxHocra 
3eMHH Ha mnpoTe yKpanHbi 3...5 cyxoK npn paöoTe O/JHHM cKaHepoM H 2...3 cyTOK npn 
OflHOBpeMeHHOM BKJHOHeHHH OÖOHX CKaHepoB. 
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TexHHHecKHe peniemia, npenycMaTpHBaeMbie B CHCTeMe, ^aiOT B03MO>KHOCTb 
opraHH3au;HH, c yneTOM nioöajibHOCTH peajnwyeMOH opÖnrajibHOH rpymrapoBKOH 
30HBI oöcjiyacHBaHHa, rjiyßoKoro MejKflyHapoflHoro napTHepcTBa KaK Ha CTajniH 
pa3pa6oTKH, TaK H npn sKcnjryaraHHH CHCTeMbi. TKB "K)acHoe" öy^eT TOJIBKO 

npHBeTCTBOBaTb noflKjnoHeHHe K npoeioy MC-3-,033 HHOcrpaHHbix $HpM B nacra 
nocTaBKH HaÖJiioflaTejibHOH H CB33HOH annapaTypbi (c OTpaöoTKOH ee Ha nepBbix 1...2 
cnyTHHKax THna MC-3-,333), ynpaBJieroia annaparypoH Ha6jno,n;eHHa H npneMa 
HHC^opMaHHH Ha cyinecTByioinyio MHpoByio ceTb npneMHbix craHHHH. Onnara paöoT 
no pa3pa6oTKe H BHeflpeHHK) TexHOJiorHH SEE B npoeKT MC-3-/I33 ocymecTBJiaeTca 
npn 3TOM (JiHpMOH-paspaöoTHHKOM B Ka^ecTBe aojieBoro BKJiajja B C03^aHHe 
3KcnjiyaTaHHOHHoft CHCTeMbi Ha6jiK>,zi;eHHa 3eMJiH no MOflenH MeacflyHapo^Horo 
KOHCopnHyMa c nocnenyioinHM ynacxHeM <])HpMbi B

 ÄßJieace npnobuiH OT 

KOMMepnecKoro Hcnojib30BaHna CHCTeMbi. 
B oSjiacTH CBa3H H HaBHranHH npHMeHeHHe MHKpocnyTHHKOB MoaceT OKa3arbca 

3(J)$eKTHBHbiM pemeHHeM 3a,n;aHH nocTpoemia flHfJxJjepeHUHajibHOH 
paflHOHaBHranHOHHOH cnyraHKOBOH CHCTeMbi. 3TOH npo6jieMOH, Hapajiy c 
eBponeficKHMH opraHH3auHaMH, 3aHHMaeTca B YKpaHHe Ha CHCTCMHOM ypoBHe 
AO HHHPH r.XapbKOB c ynaeraeM TKB "K)MCHoe" B Hacra KOCMHHecKoro cemeHTa 
CHCTeMbi. MHKpOCnyTHHK MC-3-PH 6a30BOH MOflH(|>HKanHH MC-3, OCHameHHblH 
6opTOBbIM    paZIHOHaBHraHHOHHbIM    KOMnJieKCOM,    COCTaBHT    MaTepHaJIbHyK)    OCHOBy 
HH3KOop6HTajibHOH rpynnnpOBKH KA, ocymecTBJiaiomeH <])OpMHpoBaHHe H nepe^any 
HaBHranHOHHbix cnrHauoB, no/io6Hbrx cHraajiaM NAVSTAR/rJIOHACC, 
coflepacamHX 3<J>eMepH,iH>i MHKpocnyTHHKOB, #aHHbie o HCJIOCTHOCTH HaBHranHOHHofi: 
cnyTHHKOBofi rpynnnpoBKH H ^H^^epeHHHajibHyio HH^opManHK). KaK noKa3biBaioT 
pacneTbi, npn BbicoTe op6nTbi 2000 KM H HaKjioHeHHH 64° opÖHTanbHaa rpynnnpoBKa 
ÄOJiMCHa coflepacaTb 36, 48 HJIH 72 annapaTa ana HenpepbiBHoro oflHOKparHoro, 
«ByKpaTHoro H TpoeKpaTHoro o63opa Been noBepxHOCTH 3eMJiH cooTBeTCTBeHHO. 

KaK H npoeKT MC-3-,333, paccMaTpHBaeMbra npoeKT TaKace HMeeT HayHHo- 
TexHHHecKHe H opraHH3anHOHHbie npeAnocbiJiKH ocymecTBjieHHa ero Ha ocHOBe 
MOKflyHapoaHoii Koonepannn. 

HaKOHeu,     cirejxyeT     ocTaHOBHTbca     Ha     B03MoacHOCTax     npHMeHeHHa 
MHKpOCnyTHHKOBbDC TeXHOJIOTHH AJM npOBefleHHa 6HOJIOrHHeCKHX, 
6noTexHOJiorHHecKHx H TexHOjioranecKHx HccjieÄOBaHHH B o6nacTH 
4»yHflaMeHTajibHOH HayKH. 3TH HCCJieflOBaHHa cocraBJiaioT 3HaHHTejibHyio äOJHO 

nporpaMMbi npoBeaeHHa HaysHbrx sKcnepnMeHTOB Ha MeacayHapoflHOH KOCMHHCCKOH 

CTaHHHH. 
KaK noKa3broaeT onbrr SKcnjiyaranHH opÖHTajibHofi CTaHHHH "Mnp", 

nnnoTHpyeMbie KpynHora6apHTHbie KOCMHHecKHe KOHCTpyKnHH Bpaa JIH MO»CHO 

CHHTaTb HÄeajibHbiM MecTOM ÄJia npoBe^eHHa TOHKHX TexHOJionraecKHx 
SKcnepHMeHTOB. npHcyrcTBHe Ha 6opTy CTaHHHH SKHnaaceH H HX )KH3He,aeaTeJibHOCTb, 
aBJiaromaaca HCTOHHHKOM cynjecTBeHHbix ^HHaMHHecKHX B03MymeHHH, 
BH6panH0HHbie neperpy3KH, cBa3aHHbie c ,zie<i>opManHeH KOpnyca CTaHHHH, pa6oToS 
cHCTeM TepMoperyjiHpoBaHHa, »CH3Heo6ecneHeHHa, opneHTaHHH H CTa6HJiH3anHH 
o6ycjiaBJiHBaiOT HanHHHe neperpy30K flo 10"3g0. 3TO CJIHHIKOM Gojibinne neperpy3KH 
ana pa/ia TOHKHX nponeccoB, TpeSyromnx ypoBHa MHKporpaBHranHH no 10" go, a B 

pa^e cjrynaeB (nmpoMexaHHKa, TenjioMaccnepeHoc, $H3HKa KOHüeHcnpoBaHHoro 
cocToaHHa H  <|>a30Bbix  nepexo^OB  H T.ä.)  -  H Bbnne.  IIosTOMy nenecoo6pa3HO 
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pamiOHajiBHoe pacnpe^eneHHe KOMnjieKca HccjieflOBaHHH H npniciaaHbix 3ajim Meawy 
pa3JIHHHHMH THnaMH KOCMHHeCKHX CpeflCTB flJM HX npoBe^eHHa. 

TKE "KDamoe" npeOTaraer K pa3pa6oTKe TexHOJiorHHecKHH KOCMHHCCKHH 

KOMnjieKC Ha ocHOBe MHKpocnyTHHKa MC-l-BT MO,zni<f)HKanHH MC-1, 
oöecneHHBaiomHH peanimimio 6ojiee acecTKHx Tpe6oBaHHH K ypoBmo 
MHKporpaBHTaqHH no cpaBHeHHio c nHJiorapyeMbiMH CTaHnnaMH 3a CHCT 

Hcnojib30BaHHa npeHMymecTB aBTOMaTHqecKHx KOCMHHCCKHX annapaTOB. 
OTJiHHHTejibHOH oco6eHHocTBK> 3Toro KOMnjieKca aBJiaeTca BBeaeHHe B cocTaB 
MHKpocnyTHHKa cnacaeMoro annapaTa H opraHH3anna noca^OHHoro KOMnjieKca. 

ripn TaKOH nocTaHOBKe Bonpoca npe^JiaraeMtra KOCMHHCCKHH KOMnjieKC He 
npoTHBOCTOHT MKC, a aonojiHHeT ee B OGJMCTH, npe^cTaBJiaiomeH HanoojibinHH 
HHTepec fljia Hccjie^oBaTejieH H pa3pa6oTHHKOB. 

MHKpocnyrHHK MC-l-BT oSecneHHBaeT cjie/jyioiime ycjiOBHa «jia pa3MemeHHa 
H <J)yHKHHOHHpoBaHHa HccjießOBaTejibCKOH annapaTypti: 

ypoBeHB I^OHOBOH MHKporpaBHTanHH 10"5g0, 
Macca nojie3Hoii Harpy3KH 5 Kr, 

o6beM nojie3H0H Harpy3KH 0250 x 300 MM, 

npczjocTaBjiseMaa MonnrocTb: 
cpeAHecyTOHHaa 5 BT, 

ceaHCHaa 20 BT B TeneHHe 5 MHHyr. 
Oöjiaaaa    Heo6xoflHMbiMH    jyw    nocTaHOBKH    HaynHbix    SKcnepHMeHTOB 

TeXHHHeCKHMH flaHHblMH, MHKpOCnyTHHK MC-l-BT 6y^eT OTJIHHaTbCa H OTHOCHTeJIbHO 
HH3KOH CTOHMOCTbK» npeflocraBJieHHa ycjiyr, B TOM HHcne H BCJieflCTBHe TOTO, HTO 

3HaqHTe^bHaa nacn, TexHHHecKHx penieHHfi no MHKpocnyTHHKy MC-l-BT 
0Tpa6arbiBaeTca npn co3^aHHH MHKpocnyTHHKa MC-l-TK. 

TaKHM o6pa30M, TKB "Ktoraoe" HMeeT pa3BepHyTyio nporpaMMy ocBoeHHa, 
pa3BHTHa H npHMeneHHa MHKpocnyTHHKOBbix TexHOJioran H TOTOBO K 

MeayiyHapoflHOMy coTpyßHHHecTBy B 3TOH o6jiacTH. 
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Basic directions 

of usage and conception of the small 

satellites development in practice of Yuzhnoye SDO works 
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The present paper consider aspects of the small dimension satellites creation and 
usage. 

There are defined a field dimension of SC characteristics (mass of the based 
platform equal or less 200 kg) and parameters of the based platform type-dimension set. 
The approach of principle of the onboard apparatus complex building and SC structure 
is described. The following areas on the end use application of the small SC were 
shaped: an operational observation of Earth surface with SC constellation inserted into 
orbit with the single launch-vehicle; the science experiments in the seismic monitoring 
field; science experiments in the areas of the space technology and biotechnology, and 
biomedicine with supporting the microgravity high-quality conditions and the 
experimental material results turning to Earth; differential satellite navigation. 
Recommendations for the orbital grouppings construction were elaborated considering 
use the inserting facilities disposed stock and the economical criteria. Of is adduced an 
information SC engineering appearance and characteristics about. 

There are set out the considerations on the international cooperation establishing 
for SC elaboration realizing. 
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Aspects of the small dimension spacecrafts building/usage occupy a highly 
important place in Yuzhnoye SDO nomenclature in cooperation under National Space 
Agency of Ukraine order. 

The works for the microsatellite type spacecrafts (with based platform mass 
equal <200 kg) creation are set aside as separate direction. The reason is first objective 
merits of the microsatellite technologies which provide a solution of the many 
traditional type tasks with lesser costs and highly engineering levels. Other 
circumstance, by which the practical interest to development Of the works microsatellite 
direction in Ukraine had been caused, is that microsatellites suits better to the role of 
instrument to solve the tasks of technical reequipping to be sought to face of the national 
space branch. Here there are meant the onboard equipment microminiaturization, and 
widespread use of the polymeric/ composit materials, and integration of the onboard 
hardware complex on the computer technology base, and use the uncapsulated 
constructions, and creation of the ground automated testing complex, and etc. On view 
of the indicated factors, the microsatellites creation and usage them for the end use are 
foreseen in State (National) Space Program of Ukraine for 1998-2002 with individual 
line. 

Two following phases are set aside in the proposed task solving: elaboration of 
the microtype unified satellite platform, and equipping it with onboard payload of the 
appropriated end use. The platform itself may be produced in three modifications - 
MC-1, MC-2 and MC-3 - which are distinguished of mass (60 kg, 120 kg, 200 kg 
consequently) and functional possibilities. 

On developing of the unified platform the questions of buildings their onboard 
support complex/ construction are viewed with due regard for a possibility to use the 
same components of the support complex for all modifications. This principle is being 
realized by the following manner: 

• unified structural - arrangement scheme is foreseen for all three modifications; 
• system of the orientation/ stabilization control, and hardware for the combined 

command-trajectory radioline are applicated on MC-1/ MC-2/ MC-3 modifications 
using the same based modules; 

• only modules of coupling with payload are a variable part for onboard digital 
computer complex; 

• collection of the working fluid requested resurces for Propellant System is 
realized by the standard ballons needed quantity setting; 

• there are used the single-type units of construction (turning devices, pushers, 
cottering up devices, and etc). 

The microsatellite standard configuration as applied to the "Poperedzhennya" 
Space Complex subsatellite of an active monitoring is shown on Fig. 1. 

Microsatellites insertion into orbit may be realized by different manners (in 
combination with other SC's, and by group launching). This circumstance is considered 
in the choice of the construction strength scheme and in the onboard hardware 
configuration. 

The most advanced up to the present is elaboration of the first polished 
configuration for MC-l-TK microsatellite. It is intended, basically, to verify and to 
confirm the major technologic/ engineering decisions in the operating conditions for 
separate  units   of   the  technical   facilities  complex of microsatellite itself, and 
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Fig. 1 

S. Konyuhov 



corresponding ground facilities of preparation to launch and control during flight, and 
recording/ processing of information data. MC-l-TK microsatellite solve the end use 
tasks also - to receive the assigned plots portrayals of Earth surface for the national 
economic/ scientific using, and Earth observation advanced technologies polishing also. 
For this, the microsatellite includes in the payload composition the onboard compact 
television camera of a visible range and onboard hardware for special informational 
radioline which operate in the frequencies band 2200...2600MHz. 

The following maj or characteristics of microsatellite are presented below: 
observation spectrum band 0,45...0,9 mkm, 
observation option by frame, 
observation band width 160...320 km, 
discrimination capacity (in nadir) 160 m, 
message data rate no less then 256 Kbit/s 
accuracy of the microsatellite 
axis orientation/ stabilization 
in orbital coordinate system no worse then 2° (a). 

Microsatellite will be injected into circular orbit of 650 km altitude and 
inclination 82,5° with "Cyclon-3" launch-vehicle as piggyback in combination with 
"Sich-1M" spacecraft developed by Yuzhnoye SDO. 

Creation of MC-l-TK polished configuration is supported in "Yuzhnoye" SDO 
with works on further microsatellite platforms loading of the concrete missions tasks. 
Consideration of the potential tasks, which are expedient to the setting on microsatellite, 
was shown they are in all major directions of space activities: Earth observation, and 
communication and navigation, and basic scientific researches. 

First step in this direction had done: on the microsatellite base "Yuzhnoye" SDO 
realizes the elaboration of CC-1/ CC-2 subsatellites for international "Poperedzhennya" 
Project pursuing the goals to create the experimental space complex for satellite 
monitoring of Earth seismic activity to predict earthquakes and with using it to carry out 
vast program of science researches for the search and study of the earthquakes 
forerunners. On Project the scientific institutions and specialists of Ukraine, Russia, 
Poland, Czechia, Hungary, England, Sweden, France, USA, Georgia are participating. 
CC-1/ CC-2 subsatellites are built on the base of MC-3 platform and injected into orbit 
together with main SC by "Cyclon-3" launch-vehicle, and they realize the active/ 
electromagnetic monitoring of ionosphere plasma. 

In reference to Earth observation tasks, the microsatellites are represented by the 
optimal instrument to service the sufficiently large and stable circle of Consumers which 
uses multiareas information of a middle discrimination on the constant/ regular base. 
Using data received from such SC's there are solved on the state/ regional levels the 
tasks of the agriculture/ wood land/ water economies, and environmental monitoring and 
geology, and etc. With the complete considering of the tasks specific features requiring, 
as a rule an observation from sun-synchronous orbit of altitude about 650 km, and 
regularity for information renewing of 1...2' days, and the optical/ electronic devices 
medium discrimination 30... 100 m in observation band 360...500 km, for middle 
latitudes of observation it will enough to use the orbital constellation of 3...4 SC's. 
Constellation of that size in one orbital plane with mass of every satellite up to 300 kg 
may be built using only single launch of "Dnepr" type launch-vehicle. This example is a 
good illustration of the possibilities appearing transfer to the microsatellites usage. 
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Presented positing task practical realization is planned to be realized in 
MC-3-/J33 project frame. The project foresee a creation on the MC-3 modification 
platform base, improved at the "Poperedzhennya" Program execution and ground 
infrastructure of the control devices and information receiving/ processing which are 
provided functioning it. On the microsatellite board there are mounted two scanners of a 
visible band with data compressing and hardware of the special informational radioline 
of frequencies range 8,2 GHz. The following characteristics of the measuring - 
informational complex are presented below: 

discrimination 40 m 
observation band (for two scanners) 470 km 
spectrum channel number 3 
channel spectrum band 0,45...0,52 mkm 

0,52.. .0,59 mkm 
0,62...0,68 mkm 

data compressing factor >2 
informativity of radioline 32 Mbit/s. 
Important special feature of Project is intention to equip a satellite with 

apparatus facilities for the shooting options control of the observation areas individual 
objects by user from the regional centers of information reception directly (SEE 
technology, patent of Ukraine JNTs95030965 of 01.03.95). This will allow to realize the 
claim fulfillment with maximal effectiveness, as possible (in the real scale of time), and 
to provide by more correct consideration of the meteorological factors an yield of the 
standard quality goods production near to 100%. 

To the project merits it should be disposed also using the satellite navigation 
hardware in microsatellite. Using its data in the information ground processing will 
allow to obtain a highly accuracy of information coordinate fastening. 

Calculation shows it may be selected such altitude of the sun-synchronous orbit 
of range 600...800 km in which constellation of 2...3 microsatellites phased even in 
single orbital plane may support a periodicity of Earth surface overall viewing on 
Ukraine latitude of 3...5 days for working of one scanner and 2...3 days it two scanners 
have been switched simultaneously. 

Engineering solutions, foreseen in the system, allows to organize with 
considering worldwith of the service area realized by orbital constellation, and deep 
international partnership, both on elaboration and the system exploitation stages. 
Yuzhnoye SDO will welcome only involving the foreign firms to MC-3-.H33 Project 
development in the part of delivering the observation/ communication hardware (with 
data processing by first 1...2 satellites of MC-3-^33 type), and control of with the 
hardware of observation, and receiving of information by the existing world network of 
the receiving stations. Payment of the works to elaborate and adopt SEE technology into 
MC-3-^33 Project is realized, in this, by the firms - developers as a quote contribution 
to the Earth observation operational system creation through the international 
consortium model and with further participating of firm in dividing of profits from 
commercial using of system. 

In the fields of navigation and communication the microsatellites using may 
prove to be efficient solving the task of the differential radionavigation satellite system 
building. On Ukraine, with together European institution, NIIRI joint-stock company, 
Kharkov, is engaged by this problem on the system level Yuzhnoye SDO participating 
in the part of the system space segment. MC-3-PH microsatellite, of MC-3 base 
modification, equipped by onboard navigation complex will compose the material base 
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of the low-orbital SC's constellation which make up shaping and transfer of the 
navigation signals similar to signals of NAVSTAR/TJIOHACC which contain the 
microsatellites ephemerides and data the navigation satellites constellation integraticity 
about, and differential information. As calculations show, at altitude up to 2000km and 
inclination 64° the orbital constellation must count 36, 48 and 72 apparatus for the 
continuous one-number/ double-number/ three-number observation of whole Earth 
surface consequently. 

Like MC-3-^33 Project, this Project also have the science-engineering/ 
organizational premises to realize it on the international cooperation base. 

Lastly, it needs to be taken up the possibilities of using the microsatellite 
technologies to carry out the biologic/ biotechnologic/ technologic researches in the 
base sciences field. These researches forms the considerable part of the program on the 
science experiment conducting at International Space Station. 

As experience of "Mir" orbital station exploitation implies, it is unlikely, that the 
manned large-size space constructions may be considered as an ideal place to carry out 
the delicate technological experiments. The crews presence on board of station and their 
vital activities, which are sources of the considerable dynamic exciting, and the 
vibrational overloads connected with the station body deformation and the 
thermoregulation/ vital provision/ orientation/ stabilization systems operation are 
responsible for existing of overloads up to 10'3go. There are unduly high overloads for 
the number of the delicate processes which requires the microgravity level up to 10"6go 

but in the some cases (hydromechanics, heat-mass-transfer, physics of the condencated 
state, and etc.) - still more higher. 

Consequently, it is appropriate to distribute rationally the researches complex 
and the applied tasks between different types of the space facilities to have been 
conducted. 

Yuzhnoye SDO offer to elaborate the space/ technological complex on MC-l-BT 
satellite of the MC-1 modification base which should provide a realization of more rigid 
requirements to the microgravity level as compared with the manned stations at the 
sacrifice of the automatic spacecrafts advantages usage. A distinctive property of this 
complex is the introducing in the microsatellite composition the escaped module and the 
landing complex setting up. 

On this setting up of question the offered space complex is not opposed to ISS, 
but adds it in the field of the principal interest for the researchers and the developers. 

MC-l-BT microsatellite provide the following conditions for replacement and 
functioning of the research devices: 

level of the background microgravity 10"5go 
payload mass 5 kg, 
payload volume 0250mm X 300mm, 

power supplied: 
average dayly 5Wt, 

sessionaly 20Wt per 5min. 

Having engineering properties needed to set up the scientific experiments, 
MC-l-BT microsatellite will be distinguished also by relatively low cost of the services 
offering, including from the fact, that the important part of the engineering solutions on 
MC-l-BT microsatellite is polished through MC-l-TK microsatellite building. 

S. Konyuhov 



In such manner, Yuzhnoye SDO have an expanded program on the microsatellite 
technologies mastering/ development/ usage, and ready to the international cooperation 
in this field. 

S. Konyuhov 



uepcneKTHBHtie paKeTbi-HocHTejiH jierxoro Knacca 

A.H.KHcejieB, AA-MeÄBeaeB, B.K.KappacK 
E.H.MoTopH&rä, B.K).K)pi>eB 
TKHim HM.M.B.XpyHHHeBa 

121309, MocKBa, HoB03aBOÄCKaa yji., 18 
Teji 142-59-21, (paKc: 956-24-41 

B flOKJiaae H3jiaraiOTCH npe^nocbuiKH co3flaHHfl nepcneKTHBHbix PH 
jierxoro joiacca H3 cocTaBa yHHcJMiiiHpoBaHHoro ceMeöcTBa PH "AHrapa", 
pa3pa6aTbiBaeMbix B HacToamee BpeM« TKHniJ, HM. M.B.XpyHHraeBa. OIIH- 

cbiBaioTca BapHaHTbi PH H nepcneKTHBbi HX npHMeHeHH». npHBezteHbi npo- 
eKTHbie xapaicrepHCTHKH PH H paccMOTpeHbi Bonpocw Hcnojib30BaHHH cy- 
mecTByromee npoH3BOflCTBeHHOH 6a3bi, TexHiwecKoro H crapTOBoro KOM- 
iuieKcoB. PaccMOTpeHa MOflHcpHKaiiira PH c MHoropa30BbiM ycKopHTejieM 
nepBOH cTyneHH. 

A.KHcejieB 



Advanced high class launch vehicles 

A.I. Kiselev, AA. Medvedev, V.K. Karrask, E.I. Motomy, V.Y. Yuryev 
Khrunichev GKNPTs 

121309, 18 Novozavodskaya St., Moscow 
Phone ; Fax 

This report includes prerequisite for creation of light class advanced 
launch vehicles using unified family of "Angara" LVs, which are designed 
now in M.V. Khrunichev GKNPTs. Some LV variants and prospects of their 
future use are described. The project LVs characteristics are set forth. Prob- 
lems of use of the existing production base, mounting and launch sites are 
considered. 

The LV modification using reusable booster for the first stage is consid- 
ered too. 

A. Kiselev 



Koffljemma MHKpocnyrHHKa "KoMnac", 3anycKaeMoro c noflBOflHOH 
jioflKH ana H3yqemia npeflBecTHMKOB 3eMHbix KaTacTpocp 

B.H. OpaeBCKHH, A.B. AneKceeB, B.C. ßoKyioiH, JO.fL. PJOKHH 

H3MHPAH 
142092, r. TpoinjK MOCKOBCKOH O6JI. POCCH« 

H.H. BejiiwKO, K). HHKYJIHH, A. CMTSL, T. CWTHH 

TPU, HM. B.n. MaxeeBa 
r. Mnacc, Poccna 

CncTeMa Majibix cnyrHHKOB MoaceT 6WTB ocoßeHHO nojie3Ha B JIQJIQ 

o6HapyaceHH« rjio6ajibHbix H peraoHajibHbix ceTen reojioraraecKHX paaioMOB 
npH iuiaHHpoBaHHH noHcxa HCTOHHHKOB MHHepajibHbix pecypcoB H 

nporH03HpoBaHHH pa3pyniHTejii>HBix 3eMjieTpaceHHH. 
H3BeCTHO,   HTO  rjiyÖOKHe  TeKTOHHHeCKHe  pa3JIOMW  KBJWKXrca   30HaMH 

KOHixeHTpaiXHH HanpiaceHHH, KaHajra3anHH noTOKOB acHÄKocTeii, ra30B, 
H3MeHeHHfl HaMarHiweHHOCTH H ajieKTponpoBOflHMocTH nopOÄ, noaBJieHHJi 
BbicoKHX ajieKTpEraecKHX noTeHunajioB H T.^. TeicroHHHecKHe pa3JioMM 
CBH3biBaioTCH TaioKe  c  reoflHHaMHHecKHMH  CTpyicrypaMH,  o6pa3yiomHMH 
30HW nOBblDieHHOH HyBCTBHTejIbHOCTH HJIH 30HW OIKlCHblX npHpoflHbix 
ABJieHMH. 

CjieayeT oTMeTHTb, <rro eme B 1979 r. cnyraHKOM "HHTepKocMoc-19" 
6buio 3a(pHKCHpoBaHO pe3Koe noBbiineHHe HHTCHCHBHOCTH H3jiyqeHHa 
HHSKO^acTOTHoro ajieKipoMarHHTHoro myMa Ha# 30HOH 3eMJieTpüceHH», 
HaxoflHBnierocH    B    cr&wm    pa3BHTna    HJIH    peajiH3auHH.    Pe3yjibTaTbi 
COBMeCTHOH      o6pa6oTKH      aaHHHX      no      HH3KC«aCTOTHOMy      H3JiyqeHHK), 
KopnycKyJwpHbiM noTOKaM, a xaicsce TeMnepaType H IIJIOTHOCTH roia3Mbi 
no3BojiHjia HaM oÖHapyacHTb aoxojie HeH3BecTHbiH acpcpeicr renepHpOBaHiw 
HHSKO^iaCTOTHblX IIiyMOB B IIpOCTpaHCTBe Hafl rjiyÖOKHMH pa3JIOMaMH 
3eMHOH KOpbl. 

MeTOfl,   onHcaHHbiö   Bbirae,   HBJiaeTca   BaacHbiM   flonojraeHneM   K 

HCn0JIb30BaBinHMCH paHee. IlpH KOMÖHHHpOBaHHH C flpyTHMH MeTOflaMH OH 
no3BOjiaeT peniHTb cjieayiomHe npoöjieMbi: 

H3yHeHHe    pa3JIOMOB    KaK    npOBOflHHKOB    TeiUIOBblX    H    XH^KOCTHblX 
SHfloreHHbix noTOKOB; 

oÖHapyaceHHe H HccjieflOBaHHe pa3jioMOB, OTBeTCTBeHHbix 3a 
pacnpeaejiemie 3ajie»:eH Hecpra H ra3a; 

HccjieflOBamie TetcroHHraecKOH aKTHBHocTH pa3jioMOB H oÖHapyaceHHe 
npe^BecTHHKOB 3eMJieTpaceHHH. 

PeajiH3au;iM MeTo^a flojDKHa 6a3HpoBaTbca Ha HccjieflOBaHHH 
ajieKTpoMarmiTHbix nojieii paannqHofi HHTeHCHBHoera H nacTOTbi, a Taicsce 
TenuoBbix nojiefi c noMombio CJIOXHOH CHCTCMM o6pa6oTKH HHcpopMauHH. 
KpoMe Toro, Moryr 6biTb Hcnojib30Bam>i cymecTByiomHe MHoroHHcjieHHbie 
ZiaHHbie no HaojnoaeHHHM 3eMHon noBepxHOCTH c noMombio 
TejieBH3HOHHbix H (poTorpacpHHecKnx CHCTeM. Pa3pa6aTbiBaeMbm cefiraac B 

POCCHH       MeTOfl       HOHOC<pepHOH       TOMOrpa(pHH       TaKHCe       MOXCeT       6bITb 
nepcneKTHBHWM AHA penieHna axnx 3&ßßH. 



C nejibio cHHJKeHHH cTOHMocTH £33 H3 KocMoca npeAJiaraeTca 
pa3MecTHTb KOMiuieKT nayqHoro ooopynoBamra Ha Majibix cnyTHHKax. ZJJIH 

H3yqeHHH npocTpaHCTBeHHO-BpeMeHHOH cTpyKTypbi reoaHHaMiwecKHX 
nponeccoB Heo6xojJHMo pa3MecTHTb B omjio3eMHOM npocTpaHCTBe 6ojibinoe 
HHCJIO H3MepHTejIbHbIX CHCT6M pa3JlWmOTO Ha3HaHeHHH flJia 
aojiroBpeMeHHbix   H3MepeHHH,   T.e.   3anycTHTb   öojibinoe   HHCJIO   Majiwx, 
CpeUHajIH3HpOBaHHbIX CnyTHHKOB, OCHameHHblX KOMIUieKTOM CTaHÄapTHOrO 
H3MepHTejibHoro ooopynoBaHira wifl npneMa HH(popMauHH 06 
ajieKTpoMarHHTHOM H3jiyqeHHH B paaJiHHHbix anana30Hax nacTOT. 

B HacToamee BpeMfl MM pa3pa6aTbiBaeM HOBWH 6a30Bbrä KA 
"KoMiiac-IIlTiDib", aflanTHpoBaHHMH fljra penieHHH nrapoKoro Kpyra 3aaan 
no pa3JioMaM. 

nepBWH MHKpocnyrHHK KOMIIAC iuiaHHpyeTca 3anyeraTb Ha opÖHTy 
B 2000 r. c nqzmoÄHOH JIOäKH 67 EßPM Ha 6opTy 6ajuracTnqecKOH paxeTbi 

PCM-54. 
3TOT MHKpocnyTHHK (MC) pa3pa6aTHBaeTCH ITU, HM. B.II. MaxeeBa 

H  H3MHPAH  npH  no,zm,ep5KKe  PoccHHCKoro  KocMiraecKoro  arenrcTBa, 
MHHHCTepCTBa   o6opOHH,   POCCHHCKOH   aKafleMHH   HayK   H   MHHHCTepCTBa 

HayKH. 
MC KOMIIAC BecoM oKOJio 70 KT Haxo^HTca B cTamra pa3pa6oTKH. 

njiaHHpyeTca BbiBeera ero Ha KpyroByio op6nTy BMCOTOH 400 KM H 

HaKjioHeHHeM 79°. 
OcHOBHbie 3aaaHH npoejcra KOMIIAC TaKOBbi: 
pa3pa60TKa MeTOflQB OTCJieaCHBaHHH H nporH03HpOBaHHfl KaTaKJIH3MOB 

Ha 6a3e KoopamnipoBaHHoro HaojiKweHHH Ha 3eMJie H H3 KocMoca 3a 
aBJieHHaMH-npeflinecTBeHHHKaMH 3eMJieTpJiceHHH; 

pa3pa6oTKa MCTO/JOB MOHHTOpHHra amponoreHHbix KaracTpocp; 
H3yqeHHe sjieKTpoflHHaMir'iecKHX cBH3eii aTMoc<pepbi, HOHOc<pepbi H 

MarHHTOc^epbi; 
pa3pa6oTKa TexHOjioraH MHKpocnyraHKOB; 
jieTHbie HcnbrraHHa H3MepHTejien xapaicrepHCTHK roia3Mbi. 
KoMiuieKT HayqHoro o6opyflOBaHHfl KOMIIACa BKjnonaeT: 
cneKTpoaHajiH3aTOp BOJIH onem, HH3KHX/HH3KHX qacTOT; 
paAHO^acTOTHbiH cneicrpoaHajiH3aTop; 
3-ocHbiH MarHHTOMeTp; 
panHOTOMorpacpHHecKHe npneMHHKH; 
npneMHHKH CBH; 
aHajiH3aTop SHeprHH qaeran; 
H3MepHTejib/reHepaTop iuiasMbi. 
KA   KOMIIAC   HMeeT  4   naHejiH   cojmeHHbix   6arapeH,   KOMiuieKT 

aHTeHH H KOHCOJIb C aaTHHKaMH. flo OTflejieHHH OT HOCHTejW KA 3aKJlK)HeH 
B cneHHajibHO pa3pa6oxaHHOH Kancyjie fljra 3amHTbi OT BWCOKHX 

TeMnepaTyp H cTpyn paKeTHoro ßBHraTejra. 
KA BbirjiswHT KaK MeTbipexTpamrafl yce^eHHaa nnpaMHfla c 

3a6opHHKOM Ha flaHHOii inocKocTH. Bee oöopyÄOBaHHe 3aKJiioHeHo BHyipH. 
KA ipaBHTaHHOHHO CTa6HJIH3HpOBaH BflOJIb npOflOJIbHOH OCH C TOHHOCTbK) 
OKOJIO 5 rpaaycoB. IIojioaceHHe MC 6yaer paccHHTbiBan>ca no aaHHWM OT 

3-ocHoro   MarHHTOMeTpa   n   cojmeHHbix  flarancoB   c   TOHHOcTbio   OKOJIO 



oflHoro rpaayca. 
CncTeMa 3HeprocHa6aceHHH BKHionaeT HHKejib-KaßMHeByio öaTapeio 

eMKocTLK) 4 A-H. H cojmeHHbie Öarapen roiomaflbio 1 M
2
 H reHepnpyeT 

MomHocib 50 Ban npH HanpjDKeHHH 27 BOJIBT. 

Bee       CHCTeMM       H      npHÖOpbl      MHKpOCIiyTHHKa      KOHTpOJIHpyiOTCil 
DteHTpajibHWM MHKponpou,eccopoM, KOTopbii oÖecneHHBaeT BbinojiHeHHe 
pa6o^eÄ KHKjiorpaMMbi, coop «aHHbix, oöpaÖoTKy ÖopTOBOH HHcpopMamiH 
H TejieMeTpHio, a Taxxe B3aHMOfleöcTBHe KOMaHflHbix JIHHHH. 

HaaeMHbie nymerw TejieMeTpira H o6opy#oBaHHe ynpaaneHHa 
HaxoflHTCH B Tponmce (H3MHPAH). 

B. OpaeBCKHH 



The General Conception of the Microsatellite COMPAS to Be Launched 
from Submarine to Study of the Earthquakes Forerunners 

V.N. Oraewsky, A.V. Alekseev, V.S. Dokukin, Yu.Ya. Ruzhin 
Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation 

RUSSIAN ACADEMY OF SCIENCES (IZMIRAN) 
Troitsk, Moscow Region, 142092, Russia 

I.I. Velichko, Yu. Nikulin, A. Sleta, G. Sytyi 
State Rocket Center named after Makeev, Miass, Russia 

The system of the small satellites can be especially important for 
revealing and research of global and regional net of geological faults in an 
effort to plan searches of mineral resources and to forecast destructive 
earthquakes. 

The deep tectonic faults are known to be zones of concentration of 
stresses, canalization of fluids, aerosols and gases, change of magnetization 
and electro-conductivity of rocks, appearance of high electrical potentials and 
so on. Also the tectonic faults are associated with the geodynamical structures 
which form the zones of elevated seismicity or zones of dangerous natural 
hazards. 

Note, as early as 1979 the abrupt increase of intensity of the low 
frequency electromagnetic noise emissions was detected by satellite 
"Intercosmos-19" over a zone of earthquake being in stage of preparation or 
realization. The results of joint processing of the data of low-frequency 
emission, corpuscular flows as well as temperature and density of plasma 
permitted us to reveal the previously effect of the generation of low frequency 
noises in space over the deep faults of the earth crust. 

The method described above is the important addition to those being in 
use. By combining with another methods it allows solving the next problems: 

studying the faults as conductors of heat and fluid endogenous flows, 
revealing and studying the faults which are responsible for the 

distribution of oil and gas deposits, 
studying the tectonic activity of the faults and detecting the earthquake 

forerunners. 
The realization of the method should be based upon investigation of the 

electromagnetic fields of different intensity and frequency as well as the heat 
fields with the use of complex system of information processing. Besides, the 
existing extensive data on earth surface survey provided with television and 
photographic systems are going to be used. The developing now in Russia 
method of ionosphere tomography also is very perspective for that. 

To reduce the cost of remote monitoring of the Earth from space it is 
offered to place complete sets of the scientific equipment on the small 
satellites. To study spatial - temporary structure of geodynamic processes it is 
necessary to place at near-earth space large number of measuring systems of 
various assignment for long time measurements, i.e. launch of large number 
of small, specialised satellites equipped with a set of the standard measuring 
equipment for reception of the information on electromagnetic radiation in 



various frequency ranges. 
Now, we are developing a new basic small spacecraft "Compas - Shtill" 

adapted for solving large area of the problems of faults. 
The first microsatellites COMPAS is planned to launch to the obit on 

2000 year from submarine 667 BDRM by sea ballistic rocket RSM-54. 
The microsatellite (MS) is designing by State rocket Center named after 

Makeev and IZMIRAN and supported by Russian Space Agency, Ministry of 
Defence, Russian Academy of Science and Science Ministry. 

The MS COMPAS, weighting about 70 kg, now is under designing. It is 
planned to place it on circular orbit with height 400 km and inclination 79°. 

The main tasks of the project COMPAS are: 
development of the methods of monitoring and forecasting of natural 

disasters on the base of coordinated monitoring at the earth and from space 
the pre-earthquake phenomena; 

development of the methods of monitoring of man made catastrophes; 
study of electrodynamical cuppling of the atmosphere, ionosphere and 

magnetosphere; 
development of the technology of the microsatellites; 
flight test of plasma traster. 
The set of scientific instruments of the COMPAS includes: 
very low/low frequency wave spectr-analyzer; 
radio frequency wave spectr-analyzer; 
3 axis magnetometer; 
radiotomography receivers; 
UHF receivers; 
energetic particle analyzer; 
plasma traster/generator. 
The COMPAS spacecraft is one unite with 4 opening wings of solar 

panels, set of antennas and booms with the sensors. Before the spacecraft 
separation from the launcher it is carried inside specially designed capsule to 
protect it from the high temperature and exhaust of rocket engine. The 
spacecraft looks like four plane cutted pyramid, with the traster on the 
bottom plane. All the equipment is placed inside on the walls. The spacecraft 
is gravitationly stabilized along longitudinal axe with the accuracy about 5 
degrees. The attitude of MS will be calculated on the data base of 3-axis 
magnetometer and solar sensors with the accuracy about one degree. 

The system of power supplement includes 4Ah Ni-Cd battery 1 m2 of 
solar panels and provides up to 50 Watts and 27 Volts. 

All systems and instruments of the microsatellite are controlled by 
central microproceesor, which provide the operation cyclorama, data 
collection, onboard data processing and telemetry and command lines 
interfaces. 

Ground based telemetry and control equipment are placed at Troitsk 
(IZMIRAN). 

V. Oraevsky 



Majibie KOCMinecKHe annapaTbi c njia3MeHHbiMH flBHraTejwMH ßjm 
HayqHbix HccjieflOBaHHH H «Jia penieHHH npHKJia#Hbix 3aaan. 

B.M. BajieSaHOB, A.B.3axapoB 
HKH PAH, r.MocKBa 

P.3.Car#eeB 
Mepnjieno;cKHH yHHBepcHTeT, CIIIA 

E.n.AoJironojioB, K.M.IlHHxaÄ3e 
HnO HM. JlaBOHKHHa, T.XHMKH M.O. 

RAEcfrpeMOB, IIJLHocaTeHKO 
HITO MAIII, r.PeyroB M.O. 
AA.MeÄB6ÄeB, B.fl.XaryjieB 

rKHIll], HM. XpymraeBa, r.MocKBa 

HccjieflyioTca BO3MO»CHOCTH Hcnojib30BaHH» Majibix, MaccoH nopa^Ka 
coTeH KHJioipaMM, KocMEraecKiHX annapaTOB jum pememra Hayqm>ix H 

npHKjiaÄHbix 3aflaH. 
ÄJW (pOpMHpOBaHHH HeoÖXOflHMblX OpÖHT 3THX KA npHMeHHIOTCfl 3YR 

MajioH (nopiWKa 10 r.) THTH, HO 6ojibHioro pecypca (no 10.000 nacoB) - Tax 
Ha3biBaeMbie cTan,HOHapHbie miasMeHHbie ÄBHrarejiH (CTLJX). 

IIpHBefleHbi pe3yjibTaTbi 6ajuiHCTHHecKHX pacneTOB, pa3jiHHHbix 
Hay^Hbix MHCCHH: 

- nojieT K JlyHe, BeHepe, Mapcy; 
- H3yqeHHe cnyraHKOB Mapca; 
- BbiBoa B TOMKy JlarpaHxa AIM H3yqeHHfl COJIHOTHOH aKTHBHoera; 
- nojieT K acTepoH^aM; 
- HccjieaoBaHHe pa/nianHOHHbix noncoB 3eMJiH. 
PaccMOTpeHbi    B03MOXHOCTH    TaKHX    annapaTOB    pm     co3#aHH» 

KOCMH^eCKOH CHCTeMbI HaÖjIIOfleHHH 3eMJIH. 
IIpefljioaceHbi   HOBbie,   6ojree   3(p(peKTHBHbie   H   aeuieBbie   cnocoöbi 

C03flaHH5I      H      BHBeaeHHfl      MaJIblX     TejieKOMMyHHKanHOHHblX      KA     Ha 
reocTanHOHapHyro opGmy. 

B.BajieSaHOB 



MHKPO- H Mantle cnyTHHKH SSTL 

MapTHH CBHTHHr, flxeHMc KepaBajia 
SSTL, Surrey 

Guildford, Surrey GU2 5XH, UK 
Tel: (44) 1483 25928, Fax: (44) 1483 259503 

H3MeHeHHe MHpOBOH noJIHTHKH H BOeHHblX npHOpHTeTOB npHBHecjio 
3Ha^iHTejibHoe ^aBJieHHe Ha (pHnaHcoBbin ÖKWKeTbi KocMHqecKHx areHTCTB. 
Bio^JKeTHbie orpaHHraeHHH Hapwry c pa3pa6oTKaMH B MHKpoajieKrpoHHKe 
KaTajiELiHpoBajiH Hcnojib30BaHHe MaJibix cnyrHHKOB KaK "Sojiee 6bicTpoe, 
Jiyqmee   H   ÄeiueBoe"   cpe^cTBO   peajiraanHH   KOCMHHCCKHX   3a^a^   -   B 

flOnoJIHeHHe K TpaflHUHOHHblM ÖOJIbIHHM CIiyTHHKOBblM CHCTeMaM. OtfHaKO, 
«ocTynnbie Majibie cnyTHHKH TpeSyioT coBepmeHHo flpyroro nozjxofla K yace 
npHHÜTblM  MeTOflaM  KOCMHTOCKOH  TeXHHKH.   C   1979   TOfla  yHHBepCHTeT  B 
Cappee (BejiHKo6pHTaHHü) Hajari pa6ory B o6jiac™ aKOHOMEraHOH 
cnyTHHKOBOH TexHHKH H pa3pa6oTaji nejiyro cepmo Hpe3BbraaHHo CJKXHCHHX 

H TeM He MeHee He^oporax "MHKpocnyrHHKOB", co3flaHHbix 3a $3 MJIH. 

HeTbipHaÄHaTb TaKHX MHKpocnyrHHKOB 6HJIH 3anymeHbi CappeeM Ha 
HH3Kyio OKOJio3eMHyio op6HTy c niHpOKHM flnana30HOM nojie3Hbix Harpy30K 
KaK BoeHHbix, TaK H rpaacflaHCKHx: KocMHHecKaa cBH3b, flHCTaHHHOHHoe 
30HflHpoBaHHe H fleMOHCTpaHHH TexHojiorHH Ha opÖHTe. IIIecTb nporpaMM 
MHKpocnyTHHKOB TaKxe oöecne^HJiH cpe^cTBa RJW BMCOKO 

HpotpeccHOHajibHOH nepe^aHH cnyTHHKOBOH TexHOJioraH H ooyqaiomHx 
nporpaMM Meitgry CappeeM H HOBMMH KocMHqecKHMH crpaHaMH TaKHMH 
KaK Kopea, riopiyrajiHfl, IlaKHCTaH, lOacHaa AdppHKa, HHJIH, CHHranyp, 
MajiaH3ira H TaHJiaH^ - npHBea« K 3anycKy HX nepBbix HaHHOHajibHbix 
cnyTHHKOB (HanpHMep, KITSAT-1 H 2, PoSAT-1, BADR-1, TMSAT H 

FASat-Bravo), oÖecne^iHBa* GwcTpoe pearapoBaHHe, HH3KHH PHCK H 

ÄOCTynHbiH Äociyn B KOCMOC. KocMiraecKHH Ifcmp B Cappee npe^araeT 
yHHKajibHoe coneTaHHe, oßbeflHHüioniee aKafleMEraecKHe Hccjue^OBaHHa H 

acnnpaHTCKoe ooyqeHHe c KOMMepnecKOH pa3pa6oTKOH H co3,n;aHHeM 
cnyrHHKOB nepe3 CTepameByio KOMnaHHio Cappen COTejiairr TeKHOjioaacH 
JlTfl. B HacTOinu;ee BpeMH B Cappee co3ÄaeTCü HOBWH MHHHcrryrHHK 
(UoSAT-12) BecoM 350 KT, KOTOPMH 6yneT 3anymeH B anpejie 1999 ro^a H 

Ha 6opTy KOToporo Haxo^HTC* 6ojiee coBepuieHHbie nojie3Hbie Harpy3KH. 
CnyTHHK co3flaeTca Ha 6ase TOH ace cpHjioco<pHH SKOHOMHHHOH 

cnyTHHKOBOH TexHHKH, H OH o6ecneHHT ocHOBy fljni nepBOH Hefloporon 
MeacnjiaHeTHOH MHCCHH Ha JlyHy B 2001 ro#y. 

M. CBHTHHr, AJK- KepoBana 



Microsatellites & Minisatellites for Affordable Access to Space 

Martin Sweeting, James Kerovala 
SSTL, Surrey 

Guildford, Surrey GU2 5XH, UK 
Tel: (44) 1483 25928, Fax: (44) 1483 259503 

Changing world politics and military emphasis has brought considerable 
pressure on space agency financial budgets. Budgetary pressure, coupled with 
developments in micro-electronics, has catalysed the use smaller satellites as a 
'faster, cheaper, better' means of realising space missions - complementary to 
conventional large satellite systems. Affordable small satellites, however, 
require a very different approach to established space engineering techniques. 
Since 1979, the University of Surrey (UK) has pioneered cost-effective 
satellite engineering techniques for small satellites, and has developed a series 
of highly sophisticated, yet inexpensive, 'microsatellites' - but for around 
US$3M each. Fourteen such microsatellites have been launched by Surrey 
into low Earth orbit carrying a wide range of satellite communications, space 
science, remote sensing and in-orbit technology demonstration payloads - 
both civil and military. Six microsatellite missions have also provided the 
focus and means for a highly successful satellite technology transfer and 
training programme between Surrey and emerging space nations such as 
Korea, Portugal, Pakistan, South Africa, Chile, Singapore, Malaysia and 
Thailand - leading to the launch of their first national satellites (eg. 
KITSAT-1&2, PoSAT-1, BADR-1, TMSAT & FASat-B) - providing rapid 
response, low risk and affordable access to space. The Surrey Space Centre 
offers a unique environment, combining both academic research and 
postgraduate teaching with commercial development & manufacturing of 
satellites through its spin-off company. Surrey Satellite Technology Ltd. A 
new 350kg minisatellite (UoSAT-12) is being built at Surrey for launch in 
April 1999 which carries more demanding payloads within the same cost- 
effective satellite engineering philosophy and will provide the basis for 
Surrey's first low-cost interplanetary mission to the Moon for launch in 2001. 

M. Sweeting, J. Kerovala 



PoCCHHCKO-aMepHKaHCKHe CnyTHHKH Ha6jIK>#eHHfl 
(PAMOC) 

Brent Bartschi, Glen Wada 
Space Dynamics Laboratory 

1695 N. Research Park Way, North Logan, UT 84341 
A.T. Stair, I.W. Carpenter, Orr Shepherd 

Visidyne Inc. 
10 Corporate Place, S. Bedford St. Burlington, MA. 01803 

John Watson 
Aerospace Corporation 

2350 El Segundo Blvd., El Segundo, CA 90245 

3KcnepnMeHT m ocHose poccHHCKO-aMepHKaHCKHX crryTHHKOB 
Haojnoflemra (PAMOC) - 3TO coBMecTHaa poccHHCKo-aMepHKaHCKaa 
nporpaMMa KOCMEraecKHX HccjiezjoBaHHH Ha 6a3e #Byx KA /pia 
oflHOBpeMeHHoro      CHHTHH      CTepeo-onrHHecKHX      H3o6pa3KeHHH      pjin 
HCnOJIb30BaHH»     B     OÖJiaCTH     HaOJHQZieHHH    H     MOHHTOpHHra     COCT05IHH5I 
SKOJIOrHH. 

PAMOC 6y«eT cocroflTb H3 rpyraiHpoBKH «Byx crryTHHKOB H Ha3eMHOH 
cTaHUHH ynpaBjiemw. 06a cnyraHKa Öynyr ocHaineHbi npHÖopaMH AJIH 
nonyqeHHH H3o6paxeHHH B BH^HMOM H HHtppaKpacHOM cneKTpax. OHH 

6ynyT jieTaTb no opÖnre c HaKjioHemieM 63-65° H BMCOTOH 525 KM. 
AMepHKaHCKHH cnyTHHK 6ya,eT BKjiioHaTb TpH noflCHCTeMfai: 
MyjibTHcneKTpanbHbiH pa/nioMeTp, cxaHep B BH^HMOH oöjiacTH cneKTpa H 

KaMepy CCD B BH^HMOH oojiacra. CnyTHHKH 6yzryT ocHameHM 
HeoöxoflHMOH pazjHonpneMHOH H nepe,n;aK>meH annaparypofi H ynpaBJiaTbca 
H3 JIoraHa, HIT. K)Ta H H3 MOCKBH. 

B. Bartschi 
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The Russian American Observation Satellites (RAMOS) experiment is a 
joint Russian-American space research program using two satellites for simul- 
taneous stereo-optical imaging to adress common concerns in the areas of 
surveillance and environmental monitoring. 

RAMOS will consist of a two-satellite constellation and associated 
ground support station operated by the respective countries. The American 
Observation Satellite (AOS) will carry imaging instrumentation operating in 
both the visible and infrared regions. The Russian Observation Satellite 
(ROS), will carry similar Russian sensors. Both satellites will be launched 
into a high-inclination (63-65 degree)circular orbit at an altitude of approxi- 
mately 525 km. One satellite will have station-keeping capabilities to main- 
tain a desired and variable separation. 

The AOS will consist of a Commercial-Off-The-Shelf (COTS) space- 
craft bus and three sensor subsystems: a multi-spectral radiomerer, visible 
push-broom scanner and a visible CCD camera. The bus will provide the 
functions of command and data handling, telemetry, data storage, state of 
health, and power. The attitude control system will include a global position- 
ing receiver, star trackers and an inertial reference unit. 

Mission Operation Centers at Logan, Utah and Moscow, Russia will 
provide planning, scheduling, commend packet development, command 
transmission, verification of execution, State-of-Health (SoH) monitoring 
and down-link data collection. The operations centers will report to and im- 
plement feedback from the Joint Science Team. 

B. Bartschi 
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ABSTRACT 

The Russian American Observation Satellites (RAMOS) experiment is a joint Russian- 
American space research program using two satellites for simultaneous stereo-optical im- 
aging to address common concerns in the areas of environmental monitoring and defense. 

RAMOS will consist of a two-satellite constellation and associated ground support stations 
operated by the respective countries. The American Observational Satellite (AOS) will carry 
imaging instrumentation operating in both the visible and infrared regions. The Russian Ob- 
servational Satellite (ROS) will carry analogous Russian sensors. Both satellites will be 
launched into a high-inclination circular orbit at an altitude of approximately 525 km One 
satellite will have station-keeping capabilities to maintain a desired and variable separation. 

The AOS will consist of a Commercial-Off-The-Shelf (COTS) spacecraft bus and three sen- 
sor subsystems: a multi-spectral IR radiometer, visible push-broom scanner and a visible 
CCD camera. The bus will provide the functions of command and data handling, telemetry, 
data storage, state of health, and power. The attitude control system will include a global 
positioning receiver, star trackers and an inertial reference unit. 

Mission Operations Centers at Logan, Utah and Moscow, Russia will provide planning, 
scheduling, command packet development, command transmission, verification of execu- 
tion, State-of-Health monitoring and down-link data collection. The operations centers 
will report to and implement feedback from the Joint Science Team. 

INTRODUCTION 

RAMOS is a research program with multiple scientific objectives included in the dual mis- 
sions of environmental monitoring and data gathering for defense purposes. All the science 
objectives are of a research nature in that they are novel and likely to succeed, but the spe- 
cific results and degree of success cannot be predicted. The fundamental environmental 
objective is to conduct multi-spectral stereoscopic observations of dynamic phenomena to 
assess the potential usefulness of three-dimensional images of dynamic environmental proc- 
esses such as storms and natural or induced catastrophes, for solving diagnostic and predic- 
tion problems. The fundamental defense objective is to obtain multi-spectral, stereo-optical 
data on Earth backgrounds for model calibration and for subsequent support of future 
space-based sensors designed to detect moving objects and determine their parameters. De- 
sign guidelines for achieving both fundamental objectives will include optimizing the sys- 
tems for minimum size, weight, power, cost and risk. 
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ENVIRONMENTAL— RAMOS will demonstrate the feasibility of using defense-related 
assets for environmental monitoring. It will demonstrate the value to meteorological fore- 
casters and modelers of real-time, high-resolution data in a stereo-optical or three- 
dimensional presentation. This capability will enable investigators to measure the altitude of 
cloud tops with a 10-fold improvement in accuracy over current methods. Cloud fragment 
velocities, freezing point altitudes and other similar measurements will greatly enhance fore- 
casters' ability to predict strength, speed and surface track of severe storm systems, and will 
minimize the need for costly and dangerous aircraft over-flights. The benefits that can arise 
from these data-a better understanding of hurricane evolution and wind strength prediction, 
for instance-are incalculable. A potential payoff is the ability to predict, worldwide, areas 
of potential hurricane damage with sufficient accuracy and timeliness to enable orderly 
evacuations and save lives. The ability to measure cloud elevations and velocities will also 
make possible early warning of potentially dangerous effluent clouds, both man-made (e.g., 
industrial) or natural (e.g., volcanic). The technology will greatly improve the ability to 
detect and track oil spills, to monitor environmentally-critical ocean, lake, crop and forest 
areas for signs of degradation, and to detect, track and map airborne contaminants. Spe- 
cific, environmentally-directed science objectives of the RAMOS program include the fol- 
lowing: 

ClimatologicallMeteorological Data: Three-dimensional processing with a vertical resolu- 
tion of 100 meters will improve current approaches of inferring cloud heights. Current 
methods, which use LWIR radiometric data coupled with temperature/altitude soundings 
yield, at best, accuracy to within 1 or 2 km. Combined with on-board spectro-photometric 
measurements of cloud-top temperatures (+ 1 K), the RAMOS cloud-height measurements 
may accurately determine the intensities of tropical cyclones without the need for in-situ 
measurements from aircraft. Furthermore, direct measurements of both heights and hori- 
zontal velocities of cloud fragments will provide better information on the atmospheric wind 
field as a function of altitude; this information can be applied directly to numerical weather 
prediction. In combination with the on-board polarimetric capability, cloud-height meas- 
urements can determine the altitude at which cloud tops become glaciated. A compilation 
of these data will provide statistical information relevant to global climate modeling. 

Parametric Effects: RAMOS will study the effects on space stereo imaging of varying the 
distance between the sensors in the orbit plane and the angle outside of the orbit plane. It 
will also study and evaluate the requirements for "real-time" (simultaneous) observations as 
opposed to stereo data obtained by viewing the scene later in time by the same satellite at a 
different point in its orbit. This will address the questions of time-varying geophysical phe- 
nomena driven by winds, atmospheric waves, etc. 

Geophysical Events: The program will demonstrate the value of stereo-optical observation 
of unexpected ecological phenomena by viewing man-made environmental events, military 
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conflicts, and geophysical events such as hurricanes, tornadoes and volcanoes. Stereo- 
optical observations also provide the opportunity to probe at high resolution the three- 
dimensional structure of the temporally and spatially-variable ozone layer to obtain addi- 
tional insight into its underlying mechanisms. 

Multispectral Measurements: RAMOS will obtain multispectral infrared measurements of 
various environmentally-sensitive areas such as crops, forests, flood plains, oil spills, etc. to 
help develop multispectral algorithms for large-area, distributed space-based sensors 
planned for the future. 

DEFENSE— RAMOS will address three defense objectives with the potential to strengthen 
the safety of the countries participating in the RAMOS program as well as the entire inter- 
national community. These objectives are also novel, but in view of the scientific and tech- 
nological capabilities of both countries, but again, are likely to succeed. 

Background measurements: RAMOS will obtain experimental measurement information 
(time and space discrete) on the background conditions of the Earth's surface with suffi- 
cient spatial, spectral, temporal and geometrical resolution. The limiting factors in observing 
low-contrast targets (e.g. airplanes and sounding rockets) are the prevalence and stochastic 
nature of severe backgrounds, and their temporal variability as well as the infrared clutter 
arising from variations in temperature, emissivity and pixel-to-pixel variation in the Earth 
scene. Statistical characteristics of clutter are essentially assessed on the basis of models, 
thus requiring that experimental calibration data be acquired. The experiment will place 
particular emphasis on acquiring data in situations where the background structure is the 
limiting source of false signals. 

Stereoscopic Imaging: Operating together, sensors on the AOS and ROS will demonstrate 
the effectiveness of simultaneous stereoscopic sensing at visible and infrared wavelengths. 
Data from such observations are valuable as a means of validating and determining the po- 
sition and velocity of objects in three dimensions. 

Clutter Mitigation: Using ground-based computers, ROS and AOS experimenters, each 
independently, will use data acquired under the first two objectives to assess the perform- 
ance of various algorithms. Three specific goals under this objective are: evaluating the 
performance of specific algorithms in detecting synthetic targets added to severe clutter 
data obtained, assessing the effectiveness of a technique for calibrating large-array infrared 
detectors and assessing the effectiveness of clutter mitigation algorithms. 
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RAMOS IMPLEMENTATION 

RAMOS is planned to consist of two satellites and their associated ground support equip- 
ment. It will also include a primary ground station in each country and the option of incor- 
porating an international commercial ground station network. One satellite, the American 
Observational Satellite (AOS), will carry an IR imaging radiometer with a co-aligned visible 
camera and visible push-broom scanner. The second, the Russian Observational Satellite 
(ROS), will carry analogous Russian sensors. Each satellite may also have additional in- 
strumentation, which may or may not be analogous to that found on the other satellite; 
however, data will be shared. 

Both satellites will be launched into a high-inclination circular orbit at an altitude of ap- 
proximately 525 km, from either a Russian or U.S. launch site. ROS will have station- 
keeping capabilities to maintain or vary a desired separation as the optimum viewing angles 
are explored. 

Scanning Mode: In the scanning mode, optical sensors on the two satellites will record data 
in the same scene as they look at the earth. As the satellites progress in their orbit, their 
view of the earth will move along the ground track; the sensors, in other words, remain 
fixed with respect to the satellites and scan a continuously changing scene on the earth's 
surface. This scene, nominally, will be a point on the ground midway between the two sat- 
ellites* nadirs, but the pointing capabilities of the satellites and the sensors make it possible 
to view scenes anywhere in or to either side of their orbit plane ground track. 

Staring Mode: In the staring mode, both satellites will record data in the same scene, but as 
they progress in their orbit, the sensors will change their look angles so that the same fixed 
scene on the earth will remain in the sensors' view for some length of time. For example, the 
satellites' fields of view might coincide at a point approximately 80 km ahead of the point 
midway between the satellites' respective nadirs. Both satellites collect data while maintain- 
ing that scene in their sensors' fields-of-view for 20 seconds (or until the point is approxi- 
mately 80 km behind the point midway between the spacecrafts respective nadirs). The 
field of view mirrors then slew forward to a new position and again take 20 seconds of data. 
This mode can continue until either the data handling capabilities are exceeded or a new se- 
quence is started. Similar mutual, simultaneous measurements will be made of scenes on 
either side of the orbit plane up to the hard earth horizon. The up-link commanding capa- 
bility will enable investigators on the ground to change the flight mission and direct the sen- 
sors to stare at targets of opportunity. 
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Tracking mode: In the tracking mode, sensors on both satellites will view the same scene 
and will simultaneously follow a programmed track simulating the known track of the ob- 
ject under observation. An on-board data processor may be required for sounding rockets 
with expected large dispersion in their trajectories to accomplish predictive pointing. This 
programmed track may be in, out of or through the satellites' orbit plane. Reconstruction 
of the rockets' track will be accomplished on the ground through post-processing of the 

data. 

The sensors on both satellites, under the control of on-board computers and up-linked 
commands, will point at a given place on the earth or in the atmosphere and will simultane- 
ously record radiometric data in both visible and IR wavelengths. On-board memory will 
store the measurement data for telemetry to the respective ground station at the first avail- 
able downlink opportunity. Data sets from the telemetry stations will be transferred via 
ethernet connections (high-speed links in the case of auxiliary stations) to be recorded on 
tape or disk and sent to the data processing centers at the Space Dynamics Laboratory and 
to its counterpart data processing center in Russia. These data centers will process and con- 
dition the data and distribute them to user scientists for additional processing and analysis to 
yield stereo-optical images of the measured targets. 

SENSOR SYSTEMS 

Both AOS and ROS will carry an imaging radiometer operating in several pass-bands be- 
tween 1.2 and 7.5 |im, and a wide field-of-view (FOV) linear-array imager known as a 
"push-broom" scanner, or its equivalent along with a visible CCD camera. 

The AOS imaging radiometer will have a field-of-view of -1°. It will have the ability to 
scan forward, back and laterally on either side of the satellite's ground track. Its detector 
arrays will likely be equipped with cryogenic coolers to achieve the sensitivity required for 
the proposed measurements. The radiometer will be unique, in that it can simultaneously 
acquire high-resolution image data in both the MWIR and M/LWIR bands, thus permitting 
accurate comparison between the two bands with regard to clutter rejection. 

The push-broom scanner is a linear array line scanner that uses satellite motion (including 
satellite pointing) for scanning. This linear array of visible-light detectors will provide a 
field-of-view ~32° wide with respect to the satellite's ground track, but only one pixel deep 
in the direction ofthat track. Its field-of-view will thus sweep along the ground track (like a 
push broom) with the satellite's orbital progress. The center of this linear array is also the 
center of the imaging radiometer's lateral field of regard. Consequently, the push-broom 
scanner will provide a ground reference for whatever targets the radiometer is imaging. The 
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possibility exists for filtering certain parts of the array to allow false-color images, polariza- 
tion measurements, etc. This visible imager also has limited in-track pointing capability, 
enabling it to acquire data for pseudo-stereo images. 

The visible CCD camera mentioned above will have a 3-degree field-of-view, and will be 
co-aligned with the radiometer. Figure 1 shows a conceptual block diagram for the AOS. 
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SPACECRAFT SYSTEMS 

A spacecraft bus that will host the proposed AOS sensors is readily obtainable as a modifi- 
cation to the design heritage from several (COTS) product manufacturers. This type of a 
bus can meet the requirements for data storage, down-link transmitter, housekeep- 
ing/monitoring, spacecraft controller, command receiver, power system, global positioning 
receiver, star trackers, inertial reference unit, and attitude control system. A likely option 
is to use a derivative of the Spectrum Astro product that was created for the BMDO/NASA 
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MSTI and Deep Space 1 Programs. This type of bus can be stabilized in three axes, and 
will have the capability to slew off-nadir in two axes. 

A low data rate, standard COTS or third-country-provided telemetry cross-link will be in- 
vestigated and implemented, to allow timely command up-link of information to be shared 
between satellites for short duration or dynamic measurement scenarios. 

The solar panels when extended are ~3.3m but fold to make the width of the bus approxi- 
mately 1.1m. The weight is ~ 430 kg. The peak power consumption during imaging is 
-767 W, -572 during a downlink, and -502 in the cruise mode. A conceptual graphic pro- 
vided by Spectrum Astro is shown in Figure 2. 

Figure 2. AOS Bus concept 
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LAUNCH SYSTEMS 

The launch vehicle and its associated launch site are still under consideration. There are 
several options that will allow placement of both AOS and ROS into a high (approximately 
63-65 degree) inclination orbit. The use of a ROKOT would allow both payloads to be 
launched on the same vehicle in a cost effective manner. 

MISSION OPERATIONS SYSTEM 

The RAMOS Mission Operations System (MOS) is defined as the network of control cen- 
ters, ground stations, and science teams that will work collectively to plan, conduct and 
evaluate mission operations for the RAMOS program 

RAMOS MISSION OPERATIONS SYSTEM (MOS) 

Figure 3. RAMOS Mission Operations System 

Mission Operations Centers (MOC's) at Logan, Utah and Moscow, Russia will provide 
planning, scheduling, command packet development, command transmission, verification of 
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execution, State-of-Health (SoH) monitoring and down-link data collection. The opera- 
tions centers will report to and implement feedback from the Joint Science Team chairper- 
son or representative. Figure 3 shows the RAMOS Mission Operations System 

There will be two primary ground stations, one for each respective satellite, which may or 
may not be co-located with the operations centers. In addition, it is possible that several 
new commercial ground stations could be incorporated to form a "network" allowing a 
timely flow of commands to, and status from, the AOS satellite during or near the time of 
the Data Collection Events (DCEs). These stations will be managed and operated from the 
respective operations centers. It is anticipated that the Russians will not utilize the com- 
mercial ground station networks, however, the proposed cross-link between the satellites 
will allow a "pass through" of commands to both space vehicles by way of the AOS or 
ROS operations centers. A conceptual RAMOS scenario has been entered into a Satellite 
Tool Kit ™ model and a graphical representation is shown in figure 4 below. 

Figure A. STK AQS/ROS scenario 

Commanding by any of the aforementioned means will be authenticated (not encrypted) to 
direct the specific execution of a data collection event. These events may be executed by a 
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stored on-board macro, a pre-built module selected from a library, or a customized set of 
instructions created for an urgent or previously unplanned scenario by flight controllers at 
one of the MOCs. 

AOS OPERATIONS— for the AOS part of the RAMOS program includes developmental 
tests, integration, launch and subsequent operation of the spacecraft during the on-orbit 
phase of its lifetime. Both of the traditional functions of ground and flight operations are 
integrated together in an effort to "Test it the way you intend to fly it". 

The American MOC (AMOC) will support all of these activities. During flight operations 
it will generate command messages for up-link to each spacecraft and will look at selected 
snapshots of the down-linked sensor science or state-of-health data to see that it looks rea- 
sonable based on the planned event. 

In general, the AOS science data will be down-linked at X band data rates (~32 Mbps) to 
the American Mission Operations Center (AMOC) where it will be temporarily stored and 
made available to the Data Processing Center (DPC) for more detailed analysis and coordi- 
nation with the Joint Science Team (JST). In special cases the data may be collected by an- 
cillary stations and then transmitted electronically or sent on storage media to the AMOC. 
ROS science data will be transmitted to an analogous Russian Mission Operations Center 
(RMOC) where it will be handled in a similar manner. 

The AOS spacecraft will be maintained—as required—by the Mission Operations Team 
(MOT), at the AMOC. This will be performed daily during the two ground-station contact 
clusters that occur over the AMOC. The daily shift will be scheduled to cover as many 
contacts as possible during a 12-hour period, outside of this period; some of the contacts 
may have to be accomplished autonomously. During these contacts, all state-of-health 
monitoring, command up-link and science data playback (down-link) should occur. On 
specific occasions, and as required, a full operations team will be available, otherwise a 
designated qualified point-of-contact person will always be "on call" by way of a pager, 24 
hours/day. 

Experiment plans generated by the science teams must be converted into a format that can 
be utilized by the existing hardware and software. These plans contain information about 
the sensor complement, the modes of operation, timelines and calibration requirements. 
They will list the experiment and sensor constraints, the required spacecraft configuration 
and the data handling requirements. This process is referred to as experiment engineering in 
other RAMOS documentation. It is the process of collating all of the current and appropri- 
ate information into a command sequence that will orchestrate all of the subsystems on- 
board the spacecraft to accomplish the experiment plan objective sometimes referred to as 
the "event specification". 
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Science data collections will be event driven. The spacecraft bus will acquire and broad- 
cast, by way of a high-speed bus, orbital status (position, time, sun angle, terminator cross- 
ings', etc.) to the sensor systems processors. These processors will then be programmed to 
operate sensors at times corresponding to the prescribed events. 

There are four distinct phases which encompass the pre-launch and on-orbit activities of the 
program: pre-launch, launch, early on-orbit, and operational. These phases are defined as: 

Pre-launch: The development phase begins with the definition of program requirements, 
design and development of the MOS and the testing thereof. Also included here is the 
preparation of databases, procedures, timelines, operating rules, etc. to eventually operate 
the spacecraft on-orbit. During this time, the MOT is identified, acquired and trained. This 
training is primarily accomplished by involving the mission operations principals in the 
hardware development, integration and test during sensor development leading up to 
launch. Conducting readiness simulations and operational demonstrations of the readiness 
of the MOS to support on-orbit operations completes this mission phase. 

Launch: This phase begins when the spacecraft leaves the U.S. for integration with the 
launch vehicle. It includes loading all initial on-orbit command sequences, including the 
spacecraft separation from the launch vehicle. A pre-planned sequence of events necessary 
to initialize the spacecraft after separation is loaded, including attitude stabilization and so- 
lar panel deployment. Launch base Integration and Test (I&T) is accomplished by utilizing a 
duplicate set of Ground Support Equipment (GSE) that is ready and operational at the 
MOCs. The duration of this phase is estimated to be approximately two months and in- 
cludes all of the logistics involved in transportation, facilities and test operations. 

Early on-orbit operations: This phase begins with the separation of the spacecraft from 
the launch vehicle when the spacecraft is placed into its orbit. It includes all the necessary 
operations required to turn on and evaluate the performance of all spacecraft bus subsys- 
tems and sensors. Following successful turn-on, any necessary calibrations are performed 
to prepare the sensor and/or ground-based data system for the operational phase. This mis- 
sion phase is expected to extend for a period of about one month. 

Operational: This phase begins when the entire spacecraft has been declared operational by 
the customer/sponsor. During this period of time experiments, as identified by the objec- 
tives of the mission, are performed and data are recovered, processed and analyzed. This 
phase will conclude when all mission objectives have been met, the spacecraft becomes in- 
operative, or the program runs out of funding. The ground support equipment used for in- 
tegration and test at the launch base will be returned to the MOC and installed as backup 
equipment. On-orbit operations are planned for a period of two years but are designed for 
an indefinite period. 
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JOINT AOS/ROS OPERATIONS—Most of the measurement events will be of mutual inter- 
est to both countries and therefore it is expected that close coordination will be required in 
both the planning and execution of each measurement. The mission operations managers on 
both sides will need a clear channel of communication with their respective science team 
representatives. A Joint Experiment Planning Center (JEPC) will be established to facilitate 
the JST activities. Many of the ground operations involving logistics, transportation and 
launch site integration will also involve close coordination between various agencies of the 
two countries. 

AOS GROUND OPERATIONS 

Test, evaluation, and integration of system elements all occur in the pre-launch and launch 
phases of the program and will be required in a variety of locations. GSE includes that re- 
quired for the on-board sensor systems, bus, ground station and all associated software. 
These ground-based functions will involve some of the personnel who created the flight 
hardware and some that will operate the satellite during its lifetime. This provides timely, 
essential and cost effective training. 

Equipment and software identical to that in the primary AOS ground station will be config- 
ured to verify spacecraft and sensor operation starting at the time of sensor integration to 
the bus. This support equipment will be employed at the earliest possible opportunity in the 
development/fabrication cycle to minimize requirements and ensure compatibility. A mini- 
mum set of plans, procedures and interface documentation will be shared among the various 
participants. Major integration, test and evaluation activities during this period of time in- 
clude: 

• Environmental tests (vibration, thermal, vacuum) 

• Calibration (radiometric, pointing, state-of-health sensors etc.) 

• Sensor to spacecraft integration 

• Acceptance tests 

• Post shipment verification tests 

• Spacecraft to launcher integration 

• Post integration verification tests 

• Worldwide RF link verification test 

DATA PROCESSING SYSTEM 

There will be a RAMOS Data Processing Center (DPC) in the U.S. and in Russia capable of 
processing data from either satellite. Raw data will be transmitted to the DPC from the cor- 
responding MOC. The raw sensor and satellite housekeeping data will be organized into a 
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format suitable for exchange or for the conversion into engineering units. Development of 
software for the conversion of raw data into calibrated engineering units will be performed 
separately by the Russian and U.S. RAMOS teams. Each team will incorporate into its 
software design, the knowledge of the satellite's operational characteristics gained during 
satellite development, integration, and calibration. 
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Figure 5. Data Processing Center concept 

In addition to the processing of data from the three main sensor subsystems, each DPC will 
generate data products. Data products are files that characterize satellite performance. 
These include, pointing information, ephemeris information, and command sequences. Each 
DPC will be responsible for distributing sensor data and data products to the science teams. 
Between DPCs, sensor data, satellite housekeeping data, the software to convert this data 
into engineering units, and instrument products are shared. Instrument products are files 
that contain information necessary in the conversion of data to engineering units. These in- 
clude calibration coefficients and data anomaly files. Each DPC will maintain a data archive 
of information generated. A relational database will be populated to provide visibility into 
the archived data. 
Other DPC functions include performance estimation and validation, calibration processing, 
event summary quick-look, spacecraft subsystem interactions, and modeling and simulation. 
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The software development methodology used by each DPC will be based on each country's 
established practices. However, in order to facilitate the sharing of software and data, stan- 
dards will be mutually adopted to provide a common framework for the exchange of soft- 
ware and data. Joint standards will include the following: 

Data Levels: Data levels are conceptual stages of processing. Raw telemetry data or Level- 
0 data are processed into Levels 1, 1A, 2 and 3. The data levels for the RAMOS program 
are defined as follows: 

Level 0 data corresponds to the telemetry stream as received from the spacecraft by the 
ground station(s) and recorded. This includes data dropouts and overlaps. This level con- 
tains information from all instruments embedded with spacecraft data. 

Level 1 data consists of Level 0 data that have been put into computer-compatible format. 
Data overlap and data dropouts have been addressed. 

Level 1A data have been separated by instruments and augmented with spacecraft house- 
keeping, attitude and trajectory data. No data conversion or application of calibration in- 
formation has been applied. 

Level 2 data consists of Level 1A data that have been corrected for instrument-induced ef- 
fects and non-ideal sensor response characteristics. Counts are interpreted in terms of radi- 
ance or radiance intensity, depending on the instrument and source. Level 2 data are main- 
tained in engineering units. 

Level 3 data or data products are derived from Level 2 and Level 2A data in support of ste- 
reo, multi-angle and multi-spectral observations. 

Data Formats: Standard headers containing experiment metadata will precede sensor data. 
Standardization of data formats will expedite the identification and retrieval of related ob- 
servations. This will be especially strategic for stereoscopic observations. 

Software Standards: To ensure software portability between the two countries, ANSI 
(American National Standards Institute) C or ANSI C++ will be the candidate languages. 

Software Interface: Shared DPC software will be void of language (English or Russian), 
platform, or implementation specific restrictions. The DPCs will exchange Application Pro- 
gramming Interface (API) software that applies sensor calibration coefficients to the raw 
data of their respective satellite. The APIs will be incorporated into software specific to 
each DPC. 
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EXISTING ASSETS MEASUREMENTS 

The RAMOS team has developed a set of near term experiments, prior to initiating the full 
RAMOS program, that will demonstrate the ability of the international RAMOS team to 
work together to produce useful joint results, and to demonstrate the usefulness of stereo- 
optical sensor data. These near-term experiments, some of them are already completed, 
utilizing existing satellites and aircraft, will pave the way to implementing the full RAMOS 
AOS/ROS concept. 

TECHNICAL/ENGINEERING DATA & DOCUMENTATION 

The ultimate aim of the RAMOS program is an open exchange of flight data between the 
Russian and American participants. To execute this program both participants must be able 
to exchange programmatic and engineering data and documentation pertaining to the sci- 
ence objectives, flight/ground hardware/software, mission operations, and data processing 
systems. They must also be able to exchange spacecraft and sensor data collected during 
joint experiments. 

SUMMARY 
The RAMOS program constructively engages the space scientists and technologists from 
both nations in an effort that is beneficial to both. It capitalizes upon the substantial military 
space-related expertise within the Russian Federation that has been under-utilized since the 
end of the Cold War. It enhances the twin objectives of dual use as well as defense conver- 
sion. The existence of the RAMOS program demonstrates the ability of both nations to 
work together and build trust and common understanding in preparation for the new and 
evolving relationships in the 21 st century. 
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MajiMH cnyTHHK Ha6jnofleHHa H MOHHTopHHra TponirqecKoro peraoHa 

XHMHJIKOH KapBanBo, Kapjioc H. CaHTaHa H Rmaimo KOHO 

HaimoHajibHbrii HHCTinyr KocMHraecKnx HccjieaoBaHHH - INPE 
Av. dos Astronautas, 1758 

S. Jose dos Cainpos-SP-12227-OlO-Brazil 
Phone: (55). 12.345.6607 - Fax: (55). 12.341.1890 

Epa3Hjii>CKoe KocMHHecicoe AreHTCTBo nopyHHJio HHCTHTyry 
KocMEraecKHx HccjieflOBamiH - INPE, pa3pa6oTaTL MHoronejieByio 
cnyTHHKOByio imaTcpopMy juw BbinojraeHH« Ha HH3KHX OKOJio3eMHbix 
opÖHTax (LEO) 3aam flHCTaHUHOHHoro 30HÄHpoBaHH» H reo<pH3HHecKHX 
HccjieÄOBaHHH. JJepBBiH cnyrHHK, KOTop&iH Hcnojn>3yeT 3Ty rmanpopMy, 
KBJIUQTCR cnyrHHKOM #33 (SSR). OH BbiBQzniTca Ha 3KBaTopHajibHyio 
opÖHTy H HMeeT Ha 6opTy niHpoK03axBaTHyio (2200 KM) 
MHorocneKTpajibHyio KaMepy BHflHMoro H HK- ,zmana30H0B juin Ha6jno- 
fleHHH H MOHHTopHHra jiecHbix noxapoB, oöeanecemra H HaBQOHeHHH B 
TponiraecKOM peraoHe. 

Oco6eHHOCTHMH SSR, HMeiomero cyxyio Maccy 260 KT, flBJiiHOTca: 
noBTOpHbie npoxoflbi Toro «e peraoHa Ha6jnofleHHH KaaqjbiH qac HJIH 

nojinaca, 
nojiy^eHHe H3o6paaceHHH c npocTpaHCTBeHHbiM pa3peineHHeM 100 M, 
nepeaa^a   H3o6pa»ceHHH   nojib30BaTejMM   B   6JIH3KOM   K   peajibHOMy 

Macmra6e BpeMeHH. 
SSR 6yneT TOTOB flji« BbiHojmeHHfl MHorax HOBbix 3aaaH, KOTopwe 

HeB03MOXHO  BbinOJIHHTb  C  HCnOJIb30BaHHeM  CymeCTByiOmHX KOCMIWeCKHX 
CHdeM Ha6jnofleHHa 3eMjiH. 

3Ta     cTaTba    aeTanbHo    onncbiBaeT     cnyraHK    flHCTaHUHOHHoro 
30HflHpOBaHHH   H   OCo6eHHO   -   HOBUieCTBa,    HCnOJIb30BaHHbie   Ha   MHOTO- 
HejieBOH ruiardpopMe. 

OcBemaioTCii Bonpocw MOflejrapoBaHHfl H3o6paaceHHH, B03MoxHoro 
npHMeHeHHa KocMEraecKofi miaTcpopMbi, npHHUHiiHajibHbie TexmraecKHe 
peineHHa, a Taicace HeicoTopbie acneKTbi npoMbinuieHHoro napTHepcTBa H 
MexayHapoflHOH KoonepauHH, KOTopbie 6bura Hcnojib30BaHbi npn 
pa3pa6oTKe cnyrHHKa B Epa3mraH. 

X. KapBajibo 
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1.  Introduction 

One of the most important factors that preclude the satisfactory monitoring of tropical 
regions resides in the severe cloud covering conditions presented by those regions. 
Indeed, since most of the available satellite remote sensing systems utilize heho- 
synchronous (that is, near polar) orbits, in order to maintain constant Sun illumination 
conditions, the revisit period for a specific region range from 5 to 30 days, depending on 
the swath width covered by the satellite. The larger the swath width (and the lesser is the 
revisit time) , the lower will be the spatial resolution. Of course such a system is not 
adequate to monitor those cloudy regions of the Amazon, due to its low revisit rate. 

The SSR remote sensing satellite, described in this paper, presents an innovative solution 
to these problems, providing a remote sensing satellite placed in an equatorial orbit, 
which increases the revisit frequency, and having a near real time data transmission 
scheme, where users will receive image data within two hours after the image acquisition. 

2. MECB Historical Background 

The MECB (Complete Brazilian Space Mission) project, was created in 1979, as the 
result of a long term national capability increasing program in space related sciences and 
technology, started in 1961. 

The MECB project comprised two data collecting satellites, two remote sensing satellites, 
a launch vehicle and a launch base. The main mission objectives could be summarized in 
five items: 

• To form human ressources in space technology and science; 
• To built and operate facilities that enable future developments in space 

mission; 
• To perform missions that fulfill to brazilian needs; 
• To enhance industry participation in the space business; 
• To achieve a high degree of excellency so as to be in measure to participate in 

international space programs. 



These objectives were gradually achieved by the development of the satellites and the 
construction of the Integration and Test Laboratory (LIT), the Control Center (CRC) and 
the Mission Center, which provide the basic facilities to operate any future space mission. 

liwä* 
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Figure 1: Integration and Tests Laboratory and Satellite Control Center 

The first brazilian satellite (SCD1) was successfuly launched 
in 1993, having a 10% figure of brazilian industry 
participation. This number was increased to 20% for the 
SCD2A satellite (first tentative launch of the brazilian 
launcher vehicle VLS, see Figure 2) and SCD2 (scheduled to 
be launched by the end of 1998, and will increase even further 
(up to 50%) for the SSR1 satellite. 

Figure2; VLS Launch 

3. Strategic Decisions 

The original mission of the MECB's Remote Sensing Satellite (SSR) was stablished as a 
two bands camera, with 260m resolution, in a Sun-synchronous orbit covering the Earth 
every four days. 

With the brazilian participation in the China-Brazil Earth Resources Satellite (CBERS), 
the original SSR camera was destinated to that satellite, and the SSR mission reviewed. 



As a result of a thorough mission analysis, the SSR mission was redesigned as an 
equatorial orbit mission, with a satellite devoted mainly to the monitoring of the Amazon 
region. That orbit should provide a very high revisit rate (less than 2 hours between 
image acquisitions) and in order to avoid the centralized image processing and 
distribution bottleneck, real time transmission of images to users was included among 
mission objectives. 

These objectives were refined and further reviewed by the occasion of a "selected users 
workshop", held at INPE by the end of 1995. In that meeting, representatives of main 
governamental and research organizations froze the band specifications as well as spatial 
and radiometric resolutions. This was the first step towards the applications oriented 
missions era that was begining at INPE, following the technology demonstration phase, 
closed by the SCD satellite series. 

In addition, following the international trend, a multi-mission service platform was 
conceived to be part of the SSR satellite. This platform, for which SSR would be the first 
mission, capable of being used in orbits ranging from 400 km to 1500 km, and 0° to 90° 
inclination, was decided to be built by a national "prime-contractor". The strategy was 
then to bid for the complete platform, in the brazilian national market, such as to 
encourage the formation of national industry consortia (accepting international partners) 
to participate in the bidding. The winner will provide the SSR platform as well as next 
missions recurrent platforms, with a minimum national industrial participation of 50%. 

4. The Multi-mission Platform 

The multi-mission platform concept provides the capability to support a variety of low 
Earth orbit missions using the same basic three-axis stabilized platform with different 
payload instruments as depicted in Figure 3. 

In this regard, a modular platform-payload architecture is used, allowing independent 
design, fabrication and test of each module, before payload-to-P/F integration and final 
compatibility tests. 

The platform design is also intended to provide for an adaptability to the peculiar 
requirements of each mission. 

The Multi-mission Platform (MMP), will be a small services modular platform (< 190 kg, 
dry mass) providing sufficient power (180 W) to payload modules, to be launched in 
orbits ranging from 400 km to 1500 km, and 0° to 90° inclination. 

Pointing accuracy will be better that 0.1° in several pointing modes (Earth, anti-Earth, 
inertial and Sun) and modern GPS orbit and attitude determination and control 
techniques will be used. 



Figure 3: Different Satellite Configurations using the Multi-mission Platform 

Housekeeping, telecomand decodification, on-board telemetry analysis and diagnostics, 
and payload control will be performed by a centralized computer. In addition, the 
platform will provide 150 m/s AV, for orbit corrections. 

The following services will be available to the payload module: 

• Telemetry, Telecommand and data transmission (up to 650 kbps), through 
dedicated serial lines. 

• Power Supply: at least 180W rms, during Sunlit phase of the orbit, and 80W 
during eclipse. 

• Data storage in Solid State Recorder: up to 5 Gbits. 

Figure 4 shows a possible block diagram for that platform, reflecting the current 
specifications being studied by the industry competitors in the aforementioned bidding. 
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Figure 3: Possible SSR Block Diagram 

Besides the SSR series optical missions, at least a small SAR and a LEO communications 
missions envisage the use of the MMP. 

5. The SSR Mission 

Increasing needs for monitoring of deforestation, forest-fire, river flooding and 
desertification activities, as a consequence of the worldwide recognition of the ecological 
and economical importance of the Amazon region, directed the efforts of the Brazilian 
government and the Brazilian Space Agency (AEB) towards the development of the SSR 
(Remote Sensing Satellite) project described in this paper. 

The SSR mission aims at providing the scientific community, governmental and private 
authorities with near real time, direct reception of images of the Amazon region, 
comprised between parallels 5° N and 15° S, as shown in Figure 6. 



"iiWFp* 

m. R u s s I a 

'fci. 

■■'■■■ ,a*3«iV* 
$1# 

Indio .   ; V-'Ä 

AnmrefJc 

Figure 6(a): SSR World Coverage Area 

In addition, in order to increase the number of potential users, the image reception system 
should be small, of easy operation and unexpensive.The SSR is a Low Earth Orbit 
satellite, placed in an equatorial (i=0°) orbit, at a height of about 905 km. The on-board 
optical instrument will cover the equatorial region, from 5°N to 15°S, corresponding to a 
swath width of nearly 2200 km. This orbit provides a revisit rate of less than 2 hours, 
with up to 5 useful image acquisitions during daylight. 
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Fiigure 6(b): SSR Brazilian Coverage Area 



Table 1 summarizes candidate applications and the concerned regions to which they 
are aimed, along with the minimum required spatial and temporal resolutions. 

Table 1: Potential Applications 

Potential 

Application Region 

Deforestation 

forest-fire 
river-flooding 
Oceanography 

land cultivation 

Desertification 

mineral exploitation 

vegetation health 

Amazon 
Amazon 
Amazon, Northeast 

Northeast 
Cerrado, Northeast 
Amazon, Northeast 

Amazon, Northeast 

Amazon 

In order to fulfill these applications, the SSR will carry an optical instrument, capable of 
covering the specified swath width of 2200km, (from 5°N to 15°S), corresponding to a 
total field-of-view of about 88°, in all bands listed in Table 2 with the required spatial 
resolution 

Table 2 - SSR Bands and Resolutions 

Bands Wavelenght Resolution 

Bl 0.440 to 0.505 urn 100m 

B2 0.530 to 0.575 urn 100m 

B3 0.650 to 0.680 urn 100m 

B4 0.845 to 0.885 urn 100m 

B5 0.895 to 0.990 urn 300m 

B6 3.4  to 4.2   um 600m 



6. Mission Operations and Data Transmission 

The mission comprises three segments: Space (the SSR satellite), Ground (Control and 
Image Processing Centers) and Applications (Remote receivers, applications software, 
users training and support) segments, whose interrelationship is depicted in Figure 4. 

The SSR1 satellite receives and decodes telecommands received from the Control Center, 
in Säo Jose dos Campos, through the TT&C Station located in Cuiabä. 

Image data received from the SSR1 satellite by the X-Band Image Receiving Station 
(IRS) is forwarded to the Data Pre-processing and Retransmitting Station, both in Cuiabä. 
These data is also recorded and sent to the Mission Center located in Cachoeira Paulista. 

From the the Data Pre-processing and Retransmitting Station, the pre-processed image 
data is broadcast to users through a Geo-stationary telecommunications satellite (GEO). 

Finally, the mission center shall receive requests from users and schedule, along with the 
Control Center, image acquisition and recording. 

This innovative transmission scheme in two links, using a third party geosynchronous 
communications satellite, allows for the real (or "near-real") time image receptions by 
users, which is at the core of SSR mission. A small amount of data compression will be 
required in order to simplify user receivers requirements in terms of data rates. 

One important point is that the applications segment forms an integral SSR mission. 
From the beginning, studies are being carried out in order to address the main problems 
already identified (off-nadir viewing angle, variable illumination of scenes high data 
rates, special data compression techniques, etc), and provide users with a set of simulated 
images, derived from computer simulations and flight campaings. 

In this regard, many international partners (CNES, France - DLR, Germany) were 
involved in SSR mission anlysis giving, with their experience, unvaluable contribution to 
the final mission definition. 

This innovative transmission scheme in two links, using a third party geosynchronous 
communications satellite, allows for the real (or "near-real") time image receptions by 
users, which is at the core of SSR mission. A small amount of data compression will be 
required in order to simplify user receivers requirements in terms of data rates. 

One important point is that the applications segment forms an integral SSR mission. 
From the beginning, studies are being carried out in order to address the main problems 
already identified (off-nadir viewing angle, variable illumination of scenes high data 
rates, special data compression techniques, etc), and provide users with a set of simulated 
images, derived from computer simulations and flight campaings. 



In this regard, many international partners (CNES, France - DLR, Germany) were 
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Figure 4: SSR System Operation 

involved in SSR mission anlysis giving, with their experience, unvaluable contribution to 
the final mission definition. 

7. Conclusions 

At the end of the century, most coutries learned that the main interest in space should be 
driven by a search for developing our knowledge of the Earth, preserving rts environment 
and managing life in a more efficint way. The SSR mission, as part of this global trend 
provides its contributions on the form of an instrument to monitor and protect those 
natural ressources related to the Amazon region. 

This mission, demonstrate that the original MECB objectives, stated some 20 years ago, 
have being fully achieved, despite the economical crysis endured by Brasil during those 
years and enable the country to accept new and more ambitious challenges such as the 
honorable participation in important bi-nationaf (CBERS) and international (International 
Space Station) programs. 



YHMCAT: yHMBepcajibHaa cnyTHHKOBaa miaT<popMa ,0,33 

AMHOH flacHHaTH, KapcTeH To6eH 
OXB-cHCTeM 

TMÖX, BpeMeH, TepMaHHa 
K).B. TpH(poHOB, A.B. TopÖyHOB 

Hnn BHHH9M, MocKBa 

LJejib npoeKTa YHHCAT - pa3pa6oTKa Majioii KOMMepqecKoö 
MHoroijejieBOH ^eiueBOH H BbicoKmyBCTBHTejibHOH cnymHKOBOH 
iuiaT(popMM cneuHajibHo AJI» yflOBjieTBOpeHHa pacTymnx 3anpocoB pwrnca 
,0,33. OHa 6yaeT HMCTB 6ojibme cneKTpajibHbix ÄHana30HOB, HGM ÄaTHHKH 
Ha 6ojibniHHCTBe cymecTByromiix HJIH npoeicrapyeMbix MHorocneicrpajibHbix 
cnyTHHKOB npH 6ojiee BWCOKOH pajpemaiomeH CIIOCO6HOCTH, neu y 
iuiaHHpyeMbix ranepcneKTpajibHbix KOCMEraecKHX flamHKOB. Ceiraac 
annapaT Haxqzprrcji Ha CTa^HH pa6onero npoeKTHpoBamra. B cTaTbe 
H3jiaraeTC5i ero KOHuenuHH. 

A. /t»CHHaTH 



UNISAT 
Universal Satellite Platform for Earth Observation 

Amnon Ginati and Carsten Tobehn 
OHB-System GmbH, Bremen, Germany 

Yury V. Trifonov and Alexandr V. Gnrbunov 
NPP VNIIEM, Moscow, Russia 

The objective of the "UNISAT" project is the development of a small, 
commercial and multipurpose satellite platform especially for the growing 
earth observation market demands. The system is designed to fulfill the re- 
quirements of a broad future market for user dedicated small satellite systems. 

For the reference mission a remote sensing payload is selected in order 
to provide earth images with high spatial and spectral resolution and good 
radiometric sensitivity, despite its small size and low cost. It will have more 
spectral bands in the VNIR than sensors on most existing or planned multi- 
spectral satellites and higher ground resolution than planned hyper-spectral 
space sensors. The UNISAT platform development is a joint German-Russian 
cooperative project. 

Existing space-rated sub-systems will be used or adapted for this system, 
combined with new satellite technologies, to achieve the low cost and high 
performance goals. The two principal companies involved, OHB in Germany 
and NPP VNIIEM in Russia are both experienced in the design and con- 
struction of space systems, some of which have already been successfully 
launched. 

The detailed design phase is now under process. This paper will describe 
the updated system concept. 

A. Ginati 



YHHCAT - yHHBepcajibHaH cnyraHKOBaH njiaTcJjopMa 
,0(JIH nafijiioAeini« 3eivijiH 

TpH(J)OHOB K).B. TopGyHOB A.B. 
Hnn BHH3M, 

101000 r. MocKBa, DiaBnoHTaMT, a/a 496 
T/4>, (J)aKc: (095) 923-41-81 

PefoepaT 

B ^OKJia^e npeflCTaBJieHH pe3yjibTaTbi npeflBapHTejibHoii pa3pa6oTKH 
yHH<|)HHHpoBaHHOH cjiysceÖHOö njiaT^opMBi AJia co3#aHHa Manbix KA 
nmpoMeTeopojionraecKoro H aKonpnpoflHoro MOHHTopHHra. 

ripH pa3pa6oTKe yHH<|)HHHpoBaHHOH cjiyaceÖHOH rniaT<J)opMbi asm Koinpojw 
OKpyacaromeH cpe«Bi npHrorra KomjeimH», yHHTbiBaiomaa TeHfleHHHH MHpoBOH KOCMHHecKoft 
TeXHHKH H CJIOHCHBIIiyjEOCÄ KOHtlOHKTypy B OÖJiaCTH KOCMHHeCKHX pa3pa6oTOK 

Co3^aHHe yHH<j)imHpoBaHHOH njiaT(J)opMbi no3BonaeT Ha ee 6a3e pa3pa6oTaTt 
HecKOJibKO THHOB Majibix KA BecoM £0 250Kr H 3anycKaeMbix Ha cojiHeHHo-cHHxpoHHbie H 

npnnojiapHBie opÖHTbi BHCOTOH OKOJIO 650 KM: 

a) METOH - rH#poMeTeopojionwecKoe Haojuo^eHHe; 
b) 3KOH     - 3K0npHp0flHBIH MOHHTOpHHr; 
C)    ßETOH  - fleTaHBHBIH SKOnpHpOflHBIH MOHHTOpHHr; 
d)   APJIOH  - paaHOJIOKaiJHOHHblH KOHTpoJIb JieAOBOH OÖCTaHOBKH B nojiapHbix 

pafioHax H .znpyrne 3a,n;aHH. 
Co3flaHHe yHH4>HimpoBaHHOH  cjiy^KeÖHOH  njiaT<j)opMbi  #aeT BO3M03CHOCTB  pemaTb 

3a«aHH KOHTpojia OKpyjKaromeH cpefl&i nyTeM co3flaHHH oraocHTejibHO AerueBbix Manbix KA, H 

npHMeHHTb fljia 3anycna 6ojiee jierKHe H aemeßbie HOCHTCHH. 

BBeaeHMe 

MHorojieTHHH MHpoBOH onbiT CBH^eTejibCTByeT, HTO ra#poMeTeopojiorHHecKHH H 

SKonpHpoAHbiH MOHHTopHHr B pa3Hoo6pa3Hbix acneKTax MHpHoro Hcnojib30BaHHa ocTaeTca 
aKTyajibHofi o6jiacTbK> npnjioaceHHH KOCMHHCCKOH TexHHKH. 

MHHHMH3aHHa pacxo^OB Ha co3flaHHe KOCMHHecKHX cpe^cTB yKa3aHHoro Ha3HaneHHa 
npHBOAHT    K    Heo6xo^HMOCTH    OTKa3a   OT    pa3paÖOTKH    HOBbDC    OTHOCHTeJIBHO    ÖOJIbHIHX    H 
AoporocToamHx KA, pfls 3anycxa KOTopbix Tpe6yiOTca paiceTbi-HocHTejiH cpe^Hero H Taacejioro 
KjiaccoB co CTOHMOCTBK) 3anycKa, cocTaBJiaiomeH B HacTOHmee BpeMK 150-200 MJIH. py6. 

IlpoBeAeHHBie npopaöoTKH noKa3ajiH, HTO 3a^aHH KOHTpona OKpyacaromeH cpe^bi H3 
KOCMOca Moryr B o6o3pHMOH nepcneKTHBe Ha xopomeM ypoBHe peraaTbca nyTeM co3#aHHa 
Manbix KA, KOTopbie caMH aBjisnoTca OTHOCHTCJIBHO aemeBbiMH H no3BonaK)T npHMemm» w% 
3anycKa 6ojiee JierKHe H aenieBBie HocHTejiH, B TOM iHCJie, KOHBepcHOHHbie. 

3a«aHH MOHHTopHHra npHpo^Hofi cpe^bi pasAejieHbi Ha 5 ocHOBHbrx rpynn: 
- nporH03HpoBaHHe noro#bi H H3MeHeHHH KJiHMaTa; 
- KOHTpOJIb 3arpH3HeHHH aTMOClJjep&I, BOflbl H noHBbi; 
- KOHTpoJib Hpe3BbraaHHbix cHTyaHHH npnpo#Horo H TexHoreHHoro xapaKTepa; 
- HH(|»opMaHHOHHoe oöecneneHHe cenbCKoro, JiecHoro, Bo^Horo H MopcKoro pbiÖHoro 

xo33HCTBa, noHCKa nojie3HBix HCKonaeMbix, crpoHTejibCTBa, 3eMJieycTpoHCTBa; 
- HH(J)opMaHHOHHoe    oöecneneHHe    Hayic    o    3eMJie,    nocTpoeHne    H    pa3BHTHe 

ÄHHaMHHeCKOH MOßejIH 3eMJIH, KaK 3KOnorHHeCKOH CHCTeMbl. 
OCHOBOH    cepHH    Majibrx    KA,    paspaöoTaHHbix    Hnn    BHHH3M,    aBJiaeTcs 



yHH(|)Hi|HpoBaHHi>iH cjiyHceÖHHH Mo^yjiB (njiaT^opMa), oöecnenHBatomHH TOHHyio TpexocHyro 
opneHTauHK), nporpaMMHbie noBopoTbi KA, ^ocTaTOHHoe aneioponHTaHHe H coBpeMeimoe 
aBTOMaTHHecKoe ynpaBJieHHe nojie3Hoft Harpy3KOH H cJiyjKeÖHbiMH <J)yHKnHaMH 

yHH(|)HHHpOBaHHI»IH CJIV)Ke6H£IH MOJVJIb 

KoHCTpyKTHBHaa ocuoBa MOflyjia noKa3aHa Ha pnc.l H npeflcraBJiaeT. CO6OH paMy, 
H3roTOBjmeMyio H3 ynnenjiacroBbrx xpy6, coeaHneHHyio c MOHTaacHbiMH naHexraMH 
(A, B, C, D). 

K BepxHefi nepemiaflHHe paMbi Kpennrca cojiHenHaa 6aTapea, KapKac KOTOpofi Taicace 
BbinojiHaeTCH H3 yraerniacTOBbix Tpy6. OHa oöpaniCHa aieraBHOH CTopoHofi no 
HanpaBJieHHK) +Y. 

CojiHeHHaa öarapea KpenHTca HenoflBHacHO oTHOCHTentHO Kopnyca KA. 
riaHejiH A H B SBJIBIOTCH OCHOBHHMH flira pa3MemeHHH TeiuioB&wejiaiomHX GJIOKOB 

cjiy>Ke6H0fl annaparypbi H, nocKOJibKy cojmenHoe H3JiyneHHe Ha HHX He nona#aeT, 
o^HOBpeMeHHO HcnojiB3yioTca B KanecTBe paflHanHOHHbix noBepxHOCTen. fljia yMeHbineHHa 
MaccBi naHejiH HMCIOT coTOBoe aanonHeHHC 

Hecymaa naHejiB ana ycTaHOBKH noJie3HOH Harpy3KH 3aKpennaeTca Ha paMe B Tonicax 
a, b, c, d, e. KoH^HrypauM 3TOH naHejiH MoaceT MeHarbca B 33BHCHMOCTH OT rana nojie3HOH 

Harpy3KH. 
Cjiyace6Haa annapaTypa npn HeoSxoflHMOCTK 3aKpbiBaeTca 3BTH. fljw 

TepMoperyjiHpoBaHHH ycTpoficTB, ycTaHaBJiHBaeMbix Ha HeKOTOpoM yjiajieHHH OT 

pa^HaHHOHHBix noBepxHOCTefi, MoryT npHMeHaTbca TeniroBBie Tpy6bi. 
B cocTaB MO^yjia BXOHHT: 

- cHCTeMa opneHTanHH; 
cHCTeMa 3HeprocHa6KeHHa; 

- aBTOHOMHaa CHCTeMa HaBHranHH; 
SopTOBaa CHCTeMa ynpaBJieHHa. 

OcHoeubie mexmmecKue xapaKmepucmuKu: 
- - MaKCHMajitHaa norpeniHOCTb opneHTanHH Ha 3eMjno 

(no KpeHy, TaHraacy) 0,1 
- MaKCHManBHaa norpeuiHOCTB opneHTanHH no Kypcy 

a) B pe>KHMe OpÖHTaJIBHOH opHeHTanHH 0,1 
b) B pOKHMe COJIHeHHO-3eMHOH OpHeHTaHHH < 1 

CTaÖHJIBHOCTB no yrJIOBOH CKOpOCTH                                                               10    rpaa/c 
- B03MO>KHOCTb nOBOpOTa OT nOJI05KeHHa OpÖHXaJIbHOH OpHeHTaHHH 

no Ka>KflOH OCH Ha 3aÄaHHbifi yron B jnoöyio CTopoHy; 
- o6m,aa Macca MO^yna He 6oJiee 147 KT; 

- cpe/niee 3HepronoTpe6jieHHe MOflyjia (^eacypHbiH pe>KHM)    He 6ojiee 55 BT. 

AnnapaTypa aBTOHOMHOH HaBHranHH Ha 6opTy HH3KOop6HTajibHoro KA oöecneHHBaeT 
onpe/iejieHHe napaMeTpOB opönrajibHoro ^BHaceHHa neHTpa Mace H yxo&a 6opTOBOH niKajibi 
BpeMeHH (EIIIB) KA OTHOCHTCJIBHO BbicoKOCTa6HJibHOH nncajibi BpeMeHH HaBHraHHOHHOH 
CHCTeMbI TJIOHACC/GPS, «npHBH3aHHOH» K yHHBepcaJlbHOMy KOOpÄHHHpOBaHHOMy BpeMeHH 

(UTC). 
OacHflaeMbie cpeAHeKBa/jpaTHnecKHe norpemHOCTH Ha MOMeirr npoBe^eHHa ceaHca 

pa^HOHaBHranHH cocraBJiaioT: 
no MecTonojioKeHHK): 

- BAOJib H nonepeK opÖHTbi       8 - 10 M; 

- no paÄHyc-BeKTopy 20 - 22 M; 

no op6HTajibHOH CKOPOCTH: 

B^OJIB opÖHTbi 3-4 CM/C; 

nonepeK opÖHTbi 1-1,5 CM/C; 

- no pazniycy-BeKTopy 2-3 CM/C 

KoMnjieKT    aKKyMyjwTopHbix    SarapeH    COCTOHT    6arapeH    rana    HKrK    -\3J\A 



eMKOcTBio 12 AH. 

BopTOBaK ynpaBJiaiomaa cncTeivta (EYC) npeflCTaBJiaeT coöoii BHHHCJiHTeJibHyio ceTb, B 

KOTopyio BxoaaT 6opTOBOH MHorouejieBOH KOMntiOTep (BMK) H nepH<pepHHHbie aflairrepti 
(IIA).    riA    npe^CTaBJiaeT    C060H    KOMIIblOTep    C    MaJIOH    BbFIHCJIHTejIbHOH    MOIDHOCTblO, 
OÖCJiyaCHBaiOmHH  Ty  HJIH  HHyiO,   B   f^yHKHHOHaJIbHOM   OTHOIIieHHH  OTHOCHTeJIbHO  npocTyio, 
6opTOByK» annapaiypy. 

CncTeMa BbinojiHaeT cjieayiomHe $yHKH,HH: 
- npHeM TejieMeTpEraecKHX cnraajioB OT Bcex öopTOBbix CHCTCM, (JmpMHpoBaHHe 

aeTajibHOH H oöoömeHHOH HH^opMaiüHH o cocToaHHH KA; Btiflana ee B 

paflHOKOMnjieKC RSIS. nepe^aHH Ha Ha3eMHbie CTaHnnn; 
- npneM KOMaHflHO-nporpaMMHOH HH<f>opManHH OT paflHOKOMnjieicca, Bbmana KTIH B 

BMK. 
- (JjyHKUHOHajibHoe H nporpaMMHo-BpeMeHHoe ynpaBJieHHe KA; 
- (JiopMHpoBaHHe öopTOBOH nncajTbi BpeMeHH H ee KOppeKTHpoBKy no «aHHbiM ACH; 
- ynpaBJieHHe BbiHHCJiHTejibHOH ceTbio; 
- flHaraocTHKa cocToamifl 6opTOBbix CHCTeM, ynpaBJieHHe cHCTeMaMH B HenrraTHHX 

CHTyannax /uia BOCcTaHOBJieHHa HopMajibHOH paSoxti; 
CaMOKOHTpOJIb H CaMOBOCCTaHOBJieHHe; 

- flByXCTOpOHHHa HH(pOpManHOHHafl CBH3b C HCnblTETeJIbHblM KOMnneiccoM; 
noflOÖHblH CJiyjKeÖHHH MO^yJIb ßaeT B03MO)KHOCTb CnpoeKTHpOBaTb HeCKOJIbKO THnOB 

Majibix cnyTHHKOB: 
a) METOH - rHflpoMexeopojiorHHecKoe Ha6jiio,aeHHe; 
b) 3KOH    - SKonpHpo^HbiH MOHHTopHHr,; 
C)    ^ETOH   - aeTaJIbHblH aKOnpHpOßHblH MOHHTOpHHr. 
d)   APJIOH   -   paflHOJIOKanHOHHHH   KOHTpOJIb   JieflOBOÄ   OÖCTaHOBKH   B   nojiapHbix 

pafionax H apyrne sa^ann; 

KocMHnecKHH annapaT METOH 

B cocTaB KA BXOA«T: 

- CBH paAHOMeTp, npe,znia3HaHeHHbiH flJia BepTHKajibHoro 30HflHpoBaHHa TeMnepaxypbi 
H BJiaKHOcTH aTMOc<pepbi, 30H H HHTCHCHBHOCTH oca^KOB, onpeAejieHHa rpaHHH H napaMeTpoB 
cHeacHoro H jie^aHoro noKpOBOB; 

- BHK pa^HOMeTp, npeaHa3HaHeHHbra ßjia nojiyneHHa H3o6pa>KeHHH B BHAHMOM H HK 
ÄHana30Hax cneKTpa; 

- BPK (6opTOBOH paaiioKOMiiJieKc), npeÄHaBHaneHHbiH #Jia nepe^ann OCHOBHOH H 

cny>KeÖHOH HH<])opManHH Ha Ha3eMHbie nyHKTbi, a TaoKe juia npHeMa c o#Horo ro nyHKTOB, 
ocymecTBJiaiomero ynpaBJieHHe KA, KOMaH/nio-nporpaMMHOH HH(popManHH. 

OCHOBHOH BapnaHT nojie3HOH Harpy3KH npe^ycMaTpHBaeT jioicajibHyio cbeMKy BHK 
pa/iHOMeTpoM (MCY-C3) B ceaHCHOM peacHMe c HenocpeßCTBeHHOH nepeflanen HHtpopMauHH 
Ha Bce BHflbi Ha3eMHbix npneMHbix nyHKTOB H C oxjiaacAeHHeM HK npneMHHKa c noMOinbio 
MHKpoKpHoreHHoii ManiHHbi. 

BTopoH BapnaHT nojie3HOH Harpy3KH npejiycMaTpHBaeT HenpepbiBHyio paöoiy BHK H 

CBH paAHOMeTpoß c HaiconjieHHeM Bceö nojiyqeHHOH HH<|)opManHH B öopTOBbix 3Y H 

nocjiczryioiHHM ee cöpocoM. 3THM ycjioBHaM paööTbi oTBenaeT BHK pa^HOMeTp MCY-C4, B 

KOTopoM fljia oxjiaacaeHHa HK npneMUHKa HcnoJib3yeTca pa,a;HanHOHHbiH XOJIOäHJIBHHK (PX). 
PacneTHaa Macca KA cocTaBJiaeT 238 KT. 

KocMHnecKHH annapaT 3KOH 

B cocTaB KA Bxo^aT: 
- MHoro30HajibHoe cicaHHpyiomee ycTpoficTBO cpeAHero pa3penieHHa (MCY-CKM), 

npeflHasHaHeHHoe juia nojiyneHHa H3o6pa>KeHHH noACTHJiaroineft noBepxHOCTH 
3eMJiH B HHTepecax Hccjie^oBaHHa npHpojnibix pecypcoß, npHpo/i;onojib30BaHHa H 

KOHTpOJia 3K0JI0rHHeCKOH OÖCTaHOBKH; 



- MHoro30HajitHoe ycipoHCTBO BticoKoro pa3peineHHH (MCY-3M) c TeM >i<e 
Ha3HaHeHHeM; 

- SopTOBOH paAHOKOMnneKc (BPK), npeÄHa3HaHeHHHH /uia nepe^anH OCHOBHOH H 

cjiya<e6HOH HH(j)opMaHHH na Ha3eMHbie nyHKTbi, a TaKace ,n;na npneMa c OAHoro H3 
nyHKTOB, npeÄHa3HaHeHHoro PJISL ynpaBJieHHa KA, KOMaHAHO-nporpaMMHOH 
HH4>opMan;HH. 

ripHÖopti MCY-CKM H MCY-3M onepaTHBHO, c BBICOKOH a^eicTHBHOCTHO pemaioT 
cjie^yiomHe 3a^aHH: 

- HaöJiiOÄeHHe aKOJioranecKoro cocToaHHa aHTponoreHHbix o6teKTOB H HX 

B03fleiicTBHa Ha oKpyacaromyio cpe#y; 
- HHBeHTapH3auHa c/x yro^HH H cjieaceHHe 3a H3MeHeHHeM HX njioinaßeH; 
- BLiaBJieHHe onaroB 3aropaHHa; 
- peraeHHe KJiHMaTHnecKHX 3a^ai, CBa3aHHbix c H3MepeHHeM TeivinepaTypbi oxeaHa; 
- BbiaBJieHHe pa3JiHHHbix reonorHHecKHX CTpyKTyp H penieHHe 3a#aH no B03MoacHOMy 

3ajieraHHK) nojie3Hbix HCKonaeMbix. 
H TOMy noAOÖHbie. 
Pacneraaa Macca KA cocTaBJiaex 246 Kr 

KocMiwecKHH annapaT flETOH 

B cocTaß KA BxoflaT: 
- TejieBH3HOHHaa KaMepa BbicoKoro pa3peineHHa (MCY-BP); 
- TejieBH3HOHHaa KaMepa cBepxBbicoKoro pa3peineHHa (MCY-CBP); 

CHCTeivra onpe^eJieHHa yraoBoro nojioaceHHa KA (COY); 
- 6opTOBOH pa^HOKOMnjieKC (BPK). 
ßjia cbeMKH HH(J)opMaHHH KA ÄOJiaceH, B o6ia;eM cjiynae, OTKjioHHTbca OT Ha/mpa no 

KpeHy c reM, HTO6W HaBecxn (HanejiHTb) BH3HpHyK» ocb annapaTypbi Ha 3aAaHHbiö ynacTOK 
MecTHOcTH. Yroii noBopoTa Moacer flocraraTb 30° B Jiioöyio CTopoHy. npoAonacHTejibHOCTb 
noBOpoTa Ha yroir 30°, B TOM HHCjie, pa3roHa H TOpMoaceHna KA, no oneHOHHbiM ^aHHbiM 
MoaceT cocTaBHTb OKOJio 1 MHH. Ilocjie CbeMKH ßaHHoro Kaapa KA flonaceH ocymecTBHTb 
nepeHanejTHBaHHe na HOBHH panoH. BO3MO>KHOCTB yraoBbix MaHeBpoB no KpeHy no3BOJiaeT 
o6ecneHHTb nepHOßHHHOCTb oÖHOBjieHHa HH^opMannn no JiioSoMy ynacncy 3eMHofi 
noBepxHOCTH He SoJiee 3-x cyTOK. 

BaacHbiM TpeöoBaHHeM K KA fl,ETOH aBJiaeTca B03MoacHOCTb ocymecTBjieHHa 
CTepeocbeMKH 3a^aHHoro Ka^pa 3a O^HH nponei. IIpH STOM cbeMKa oflHoro H Toro ace ynacTKa 
MecTHOCTH npoH3BOAHTca Asa pa3a - nepBbiH pa3 c OTKJioHeHHeM no TaHraacy Bnepea H BTopofi 
pa3 c OTKJioHeHHeM na3aa Ha yroji a=30°. 3a BpeMa npojieTa OT KOHHa nepBoft w Hanana 
BTopofi cbeMKH KA AonaceH ycneTb 3aHarb no3HHHK), Heo6xoflHMyio AJia BTopofi CbeMKH, HTO 

B03MOKHO npn ycnoBHH ycTaHOBKH BTOporo ÄBHraTejia-MaxoBHKa no ocn TaHra>ica. 
Macca KA - 237 Kr 

KocMHnecKHH annapaT APJIOH 

B cocTaB KA BxoflaT: 
- pa/mojioKaTop SoKOBoro o63opa (PJIEO), npeßHa3HaHeHHbiH ppx KOHTpojia (pa3Be,znai) 

JICHOBOH o6cTaHOBKH B nojiapHbix paftoHax, B TOM nncjie, ana pa3JiHHeHHa MOJio/joro H 

MHoro.neTHero m>jx&, a TaKace ana penieHHa /npynrx 3aflan; 
- BHK paHHOMeTp (MCY-C3), H3o6pa>KeHHa KOToporo ÄOJiacHbi cnoco6cTBOBaTb 

HHTepnpeTanHH .zjaHHbix PJIBO; 
- 6opTOBOH pa^HOKOMnneKC (BPK), npeAHa3HaqeHHbiH /yia nepe^anH OCHOBHOH H 

CJiyaceÖHOH Hn^opMannn Ha HajeMHbie nyHKTbi, a TaKace AJia npneMa c orpioro H3 nyHKTOB, 
ocymecTBJiaiomero ynpaBJieHHe KA, KOMaHflHO-nporpaMMHOH HH<|)opManHH. 

PacneTHaa Macca KA cocTaBJiaeT 252 Kr. 
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ABSTRACT 

The results of preliminary development of a unified service platform for creation of small 
space vehicles (SV) for hydrometeorological and ecological and nature resource monitor- 
ing are presented in the paper. 
In designing a unified service platform for environment control the concept, taking into 
account the tendencies of world space engineering and a usual conjuncture in the field of 
space development, is adopted. 
The creation of the unified platform allows on its base to develop some types of small SV 
with the weight up to 250 kg and injected to sun-synchronous and near polar orbits of al- 
titude about 650 km: 

a) METON- hydrometeorological observation; 
b) EKON- ecological and nature resource monitoring; 
c) DETON- detail ecological and nature resource monitoring; 
d) ARLON- radar control of ice situation in polar regions and other problems. 

The creation of the unified service platform enables to decide problems of environment 
control by creation of rather cheap small SV and to use for launch more light and low- 
cost launch vehicles. 

The report 
INTRODUCTION 

Of many years world experience testifies that hydrometeorological and ecological and- 
nature resource monitoring in various aspects of peace use remains the urgent area of the 
space engineering application. 
The minimization of the expenses for creation of space means of the specified purpose re- 
sults in necessity of refusal from development of new rather large and expensive SV, for 
which launch the launchers of mean and heavy classes with a launch cost nowadays of 150- 
200 million roubles are required. 
The carried out studies have shown that the problems of environment control from space 
can in foreseeable prospect be decided by creation of small SV, which are rather cheap and 
allow to use for launch more light and low-cost launch vehicles, including, conversion. 
The problems of nature environment monitoring are divided into 5 main groups: 
• weather forecasting and climate changes; 
■ the control of atmosphere, water and soil pollution; 
• the control of extreme situations; 
■ information support of agriculture, forest, water and sea fish industry, search of 

minerals, construction, system of land tenure; 
• information support of the Earth sciences, construction and development of dynamic 

model of the Earth, as ecological system. 
The basis for a series of small SV developed by NPP VNIIEM is a unified service module 
(platform) providing a precise three-axis orientation, program turns of SV, sufficient 
power supply and modern automatic control of payload and service functions 



UNIFIED SERVICE MODULE 

The mechanical basis of a module is shown in fig. 1 and represents a frame made from car- 
bon plastic pipes, jointed with assembling panels (A, B, C, D). 
To the upper cross beam of a frame the solar array is fastened, which framework is also 
executed from carbon plastic pipes. By the active side it is turned to + Y direction. 
The solar array is fastened motionlessly as related to SV body. 
The panels A and B are the main for arrangement of heat releasing units of the service in- 
strumentation and, as the solar radiation does not fall on them, are simultaneously used as 
radiation surfaces. For decreasing of weight the panel have honeycomb filling. 
The lifting panel for the installation of a payload is fixed on a frame in points   a, b, c, d, e. 
The configuration of this panel can vary depending on a type of payload. 
The service instrumentation is if necessary closed by screen-vacuum thermal isolation 
(SVTI). The thermal pipes can be used for a thermal control of devices installed on some 
distance from radiation surfaces. 
The module comprises: 

attitude control system; 
• power supply system; 
• independent navigation system ; 
• onboard control system. 
Main characteristics: 
■    - maximum error of orientation to the Earth 

(in a roll, pitch) 0 1° 
• maximum error of orientation in the course 

a) in a mode of orbital orientation 0,1° 
b) in a mode of solar-earth orientation < 1° 

• stability in angular velocity 10"4deg\sec 
• capability of turn from position of orbital orientation 
• in each axis through a specific angle in any direction; 
• total mass of a module no more than 147 kgs; 

• mean power consumption of a module (on duty mode) no more than 55 W. 
The instrumentation of independent navigation onboard the low orbital SV provides defi- 
nition of parameters of orbital motion of centre of mass and drift of an onboard time scale 
(BTS) of SV relative to high stable time scale of GLONAS/GPS navigational system 
"referenced " to the universal co-ordinated time (UTC). 
Expected root-mean-square errors for the moment of   radionavigation session carrying 
out are: 
in location: 

• along and across orbit        8 - 10 M; 
• on radius - vector 20 - 22 M; 

in orbital speed: 
• along orbit 3 - 4 sm/sec; 
• across orbit 1 - 1,5 sm/sec; 
• on radius - vector 2 ~ 3 sm/sec 

A set of storage batteries consists of batteries of a type NKGK -13DA of 12 A/h capacity 

The onboard control system (BCS) represents a computer network, which comprises the 
onboard multi-purpose computer (BMPC) and circumferential adapters (CA). CA repre- 
sent a computer with a small computing power providing service to onboard instrumenta- 
tion rather simple in the functional relation. 



The system executes the following functions: 
• reception of telemetry signals from all onboard systems, formation of detail and gen- 

eralized information about SV condition; its output to the radiocomplex for 
transmission to ground stations; r>iv,mr< 

• reception of comand-program information from radiocomplex, CPI output to BMFC. 
• functional and program- time SV control; 
• formation of onboard time scale and its correction according to INS data; 
• computer network control; .   . 
• diagnostics of onboard systems condition, control of systems in mstandard situations 

for recovery of normal activity; 
• self-checking and self-recovery; 
• bilaterial information communication with test complex; 
The similar service module enables to design some types of small satellites: 

a) METON - hydrometeorological observation; 
b) ECON- ecological and nature-resource monitoring,; 
c) DETON - detail ecological and nature-resource monitoring. 
d) ARLON - radar control of ice situation in polar regions and other problems. 

Space vehicle METON 
The space vehicle comprises: 

- MICROWAVE radiometer intended for vertical sounding of temperature and humidity 
of atmosphere, zones and intensity of deposits, determitation of bounds and parameters of 
snow and ice cover; 
- VIR radiometer intended for obtaining the images in visible and IR vawebands; 
- BRC (onboard radiocomplex) intended for transmission of the main and service infor- 
mation to ground stations, and also for reception of comand-program information from 
one of stations executing SV control. "„„„ ^ . nroTTC«. 
The main version of a payload provides a local survey by VIR radiometer (MSU-S3) in 
session mode with direct information transmission to all kinds of ground receiving sta- 
tions and with IR receiver cooling with the help of microcryogenic machine. 
The second version of a payload provides VIR and MICROWAVE radiometers continu- 
ous operation with accumulation of the whole received information m onboard 
STORAGE and its subsequent downlink. MSU-S4 VIR radiometer, in which for IR re- 
ceiver cooling the radiation refrigerator (RR) is used, conforms to these conditions of 
work. 
Calculated SV mass is 238 kg. 

Space vehicle EKON 
The space vehicle comprises: . . . 
• medium resolution multispectral scanner (MSU-SKM) intended for obtaining the im- 

ages of the Earth underlying surface in the interests of nature resources research 
and ecological conditions control; 

• high resolution multispectral scanner (MSU -EM) with the same purpose; 
• onboard radiocomplex (BRC) intended for transmission of the main and service infor- 

mation to ground stations and also for reception of comand-program informa- 
tion from one of the stations designed for SV control. 

MSU -SKM and MSU -EM devices operatively, with high efficiency decide the following 
problems: , . ■  ,  .   .     „   . 
• observation of ecological condition of antropogeneous objects and their efiects on an 

environment; 
• inventory of agriculture areas and the control for their changes; 

• detection of sites of fire; 



• solution of climatic problems connected to measurement of ocean temperature; 
detection of various geological structures and solution of problems on possible 

minerals deposition and other problems. 
Calculated SV mass is 246 kg 

Space vehicle DETON 
The space vehicle comprises: 
• high resolution television chamber (MSU -BR); 
• ultra-high resolution television chamber(MSU -SBR); 
• system of SV angular position observation(SOU); 
• onboard radiocomplex (BRC). 
For information survey the space vehicle has, in general case, to deviate from nadir to roll 
direction so that to target the sighting axes of instrumentation to specific district segment. 
The turn angle can reach 30° in any direction. Duration of turn through 30° including SV 
boost and braking under the estimated data can be about 1 min. After the given frame sur- 
vey the SV should execute reorientation to new region. The capability of angular maneu- 
vers on a roll allows to ensure periodicity of information up-dating in any of the Earth sur- 
face segment no more than three days. 
The important requirement to SV DETON is a capability of implementation of specific 
frame stereosurvey for one flight. Thus the survey of one and the same district segment is 
made two times - first time with deviation on a pitch forward and the second - with devia- 
tion back through a = 30°. During flight from the end of the first survey to the beginning 
of the second survey the SV should have time to take a position necessary for the second 
survey, that is possible if the second flywheel engine along pitch axis is installed. 
SV mass-237 kg 

Space vehicle ARLON 
The space vehicle comprises: 
- side view radar (SVR), intended for the control of ice situation in polar regions, includ- 
ing the distinction of young and long-term ice and also for the solution of other problems; 
- VIR radiometer (MSU-S3), which images should promote interpretation of SVR data; 
- onboard radiocomplex (BRC) intended for transmission of the main and service infor- 
mation to ground stations, and also for reception of comand-program information from 
one of the stations executing SV control. 
Calculated SV mass is 252 kg. 



Fig.   1.  Universal platform. 
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Fig.  2. ARLON SSV under fairing. 



(onboard radiocomplex 

Fig.  3.  DETON SSV. 



Fig.  4.  EKON SSV. 



Fig.  5.  METON SSV. 



MHKpocnyTHHKOBaa nporpaMMa areHTCTBa no oneHKe H HccjieflOBaHHJiM 
MO BejIHKOÖpHTaHHH 

P.^JK. BJIOTT, H.C. Yajijic. RK. HBCC 
KocMKraecKHH ^enapTaMeHT ,fl,EPA 

riocjie 4-x jieT ycneiimoH paÖoTW Ha opönre #Ba MHKpocnyTHHKa #Jia 
HccjieflOBaHiw KocMHraecKOH TexHojiorHH (MMKT) la H b flonojiHaTCü 
BTopoii SKcneflHmieH, KOTopaa 6yzjeT BKjnoqaTb 24 3KcnepHMeHTajibHbix 
nojie3Hbix Harpy3KH H aiccnepHMeHTajibHyio oTpaöoTOHHyio iuiaT<popMy. 3Ta 
3KcneflHii;Hfl 6yn;eT Hcnojib30BaTb ycjioBira OP6HTW, nepexo^Hofi K 
reocHHXpoHHoii (nrO) jura oTpaöoTKH pa6onero HHCTpyMeHTa ,njra 
KocMHqecKHX HccjieflOBaHHH. D,ejii> nporpaMMM MHKT-1 - npe^jioxHTb 
nporpeccHBHbie pemeHHa jjyra rpax^aHCKOH H BOCHHOH KOCMKraecKoü 
CBÜ3H, ,11,33 H HaBHran;HH npn nomuKeHHbix 3arparax H pHCKax. 

Hcnojxb30BaHHe ycjioBHH nrO BKJiKwaeT ycKOpeHHbie Hcnbrramra Ha 
flOJirOBe^HOCTb   KOMnOHCHTOB   H   MaTepHaJIOB,   TaKHX   KaK   HH(ppaKpacHbie 
ÄeTeKTOpbi, ycoBepineHCTBOBaHHbie MHKpoiipoueccopbi H aHeÖKH 
cojiHe^Hbix öarapeü, c oTpaÖOTKofi TexHojiorHH, noBbiniaiomnx aBTOHOMmo 
KA H KanecTBO CB«3H. 

Y.ßjK. BJIOTT 



The United Kingdom Defence Evaluation and Research Agency 
Microsatellite Programme 

R J Blott, N S Wells and J Eves 
Dera Space Dept 
Fax 01252 375329 

Following 4 successful years in orbit, the UK Defence Evaluation and 
Research Agency's two Space Technology Research Vehicle microsatellites 
fSTRV) la&b will be followed by a second mission. STRV-lc&b are now m 
construction for a planned launch in late 1999/ The new mission, which in- 
cludes 24 experimental payloads and development spacecraft bus technologies 
from European, US and Canadian military, civil and commercial sponsors, 
exploits the Geosynchronous Transfer Orbit (GTO) to offer an affordable, 
working space research tool for both government and industry. 

The STRV-1 programme objective is to promote the enhancement ot 
military and civil space communications, remote sensing and navigation ca- 
pabilities at reduced cost and risk. Additional aims are to help industry to 
achieve commercial benefit from investment in emerging technologies and to 
develop the synergy between government, commercial and civilian space ap- 
plications. The paper explains how STRV-1 exploits the variable altitude and 
high radiation  environment  of GTO  to  investigate  the  performance  of 
emerging technologies and techniques.  This includes the accelerated life 
testing of components and materials, such as infra-red detectors, advanced 
microprocessors and solar cell technologies,  and the prototyping of new 
techniques to improve communications and spacecraft autonomy.  Experi- 
ments include implementing a secure version of the Consultative Committee 
for Space Data Systems (CCSDS) packet telecommand and telemetry stan- 
dards! further  development  of the  Internet-based  Space   Communication 
Protocol Standards (SCPS) and evaluating the exploitation of the Global 
Positioning System (GPS) in geosynchronous orbit. The new mission also 
builds on and extends the comprehensive environmental monitoring achieved 
by STRV-la&b. 

R J Blott 



MAKC-A: 
fleMOHCTpaiüHOHHoe H3flejiHe aapoKocMBraecKOH CHCTeMbi MAKC 

F.E. Jl03HH0-Jl03HHCKHH 
HIIO "MOJTHH*" 

123459, MocKBa, HoBonocejiKOBaa, 4 
Teji.: 007-(095)-492-95-55 

MAKC-A npe^Ha3HaHeH fljia BbiBo^a Ha HH3Kyio OKOjio3eMHyio 
opÖHTy nojie3Hbix rpy30B MaccoH ^o 1,5 T npn yaejibHoö CTOHMOCTH 

3anycKa MeHee 1500 äOJTJI/KT. 

CaMOJieT-HOCHTejib: AH-225 HJIH AH-124. 
Cy6op6HTajibHbiH caMojieT - MHoropa30BbiH KpbuiaTWH ycKopHTejib Ha 

ocHOBe aapoflHHaMHHecKOH KOHipnrypaimH op6HTajibHOH cTyneHH MAKC c 
5KP,/], P/],-120 Ha KHCJIOpOflHO-KepOCHHOBOM ToroiHBe. 

OH BKjiiOTaeT cTynenb Ha ocHOBe pa3roHHoro ÖJioKa "HITOPM" c 
flBHrarejieM KHCJiopoflHO-BQßopoflHoro THna UJ3,56Y. 

T. Jl03HH0-Jl03HHCKHH 



/ 

MAKS-D: Demonstration of the MAKS Aerospace System 

G.E. Losino-Losinsky 
NPO Molniya - Scientific and Production Enterprise 

4, Novoposelkovaya, Moscow 123459, Russia 
Tel: 007-(095)-492-95-55 

MAKS-D is designed to inject commercial payloads into orbit (LEO) 
which have mass up to 1,5 ton and a specific cast of launch less than $1500 

1/kg. 
Carrier-Plane: AN-225 or AN-124. 
Sub-orbital Plane - Reusable winged booster on the base ol 

Aerodynamic Configuration of the MAKS Orbiter with the RD-120 
Oxygen/Kerosene rocket engine. 

It includes rocket stage on the base of the Shtorm type booster 
technologies with the UD56U Oxygen/Hydrogen rocket engine. 

G. Losino-Losinsky 



MAIN  ELEMENTS   OF  THE 

MAKS-D 
AEROSPACE  COMPLEX 

• CP - Carrier-Plane:  AN-225 or AN-124 

• SOP - Sub-Orbital Plane - Reusable Winged 
Booster on the base of Aerodynamic Configu- 
ration of the MAKS Orbiter with the RD-120 
Oxygen / Kerosene  Rocket  Engine 

• RS - Rocket Stage on the base of the SHTORM 
type Booster technologies with the 11D56U 
Oxygen / Hydrogen  Rocket  Engine 

MAIN  PURPOSE  OF THE 

MAKS-D 

Injection commercial payloads into the LEO 
with mass up to 1.5 ton and specific cost of 
launch   less   than  1500 $/kg 
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THE   MAKS-D PERFORMANCE 

TYPE QF THE GARRIER-PLANE 

Take-Off Mass of the 
^prnsjTace Complex, 
Distance from the Take-off Point 

to theSe£ara^ion_Poin^_- —^ 
M^fMa^s^the SOP - 2-nd stage 
0|the_A^ros^ace_Co^npkxJ_ l£n_ 

Thrust of the SOP Propulsion Unit 
ton 

in vacuum, 

iDurj,  ———   - 
Operational Fuel Mass of the Sub- 

Orbitaljnane^_ . TTr~^~" 
Mach Number in the Point of the SOP 
SeEarationironLCarri^flww. _ 
hf^olf^rofthe Rocket Stage 

ton 
(RS),  _    ~~r    ~z   7 
^^alFudMass of the Rocket 

Rjggftfor the launcjijbrajectgisx,.  ™n 

fepVAs^flheRocket Stage 

Expendable Booster,  $2IL 
—— :     ^ ton Mass of pay load, 
i - 51°, H =  200 km 
i = 51°, H = 1000 km 
. = 90°, H=  200 km 
i = 90°, H = lOOOjon 
-^—J^oS"ol payload launching, 

 ELM.— 

1200__ 

61,750 

1200 

85,000 

61,750. 

85,000 

350 

_9>750_ 

JL5,000_ 

12,6 

350 

9,750 

7,000 

1,390 
1,130 
1,200 
0,950 

less then 
1500 

MM®M 
cSS^&Ä 



• 

NPO MOLNIYA proposes for development not expensive 
the MAKS-D Launch System including 3 stages: 

The AN-225 or AN-124 Carrier-Plane 

Sub-Orbital Plane - Reusable booster on the base of 
the MAKS Orbiter with Take-Off Mass of  55 ton 

• Expendable Rocket Stage on the base of the SHTORM type 
booster technologies with Take-Off Mass of 7 ton 

Proposed Launch System is capable to inject into the LEO 
(h = 200 km, i = 51°) payloads up to 1.4 ton 

Expected economical parameters of the MAKS-D system: 

• Cost of the research and design work - about 300 mill, dollars 

• Cost of the launch - approx. 1.35 mill, dollars 

• Specific cost of the payload launch - about 1000 doll/kg 

System can be created in 3...4 years and may be based 
on the Baykonur cosmodrome 

Launching capabilities of the MAKS-D system can be essentially 
increased (by several times) in case of necessity 

NPO MOLNIYA invites interested companies for participation in 
the joint consortium aimed on creation of proposed economic 

Launch system 



FORMULATION OF THE TECHNICAL 
PROPOSAL  for  the   MAKS-D 

1 NPO MOLNIYA Scientific & Industrial Enterprise as a member of planned 
consortium proposes reusable Aerospace System - the MAKS-D Demonstrator 
for launching commercial payloads into satellite orbits. 

General Designer     -   Gleb E. Lozino-Lozinsky 

Main elements of the MAKS-D Aerospace System: 
. Carrier-Plane - the AN-225 or AN-124 subsonic aircraft; 
. Sub-Orbital Plane - Reusable Booster with the RD-120 oxygen/kerosene 

• rocket engine; 
. Space Stage based on the existing or developed rocket boosters. 

Cost of development  - 275 mill, dollars 
Time of development - 3...4 years 

Reimbursement   of  the  investments   is  provided  approximately   in   1,5...2 
years after beginning of the Aerospace System exploitation. 

Profit of the investor is defined at the stage of business plan development. 

Guarantee of demand on the Aerospace System is provided due to: 

• relatively low specific cost for the payloads launch; 
.  creation by USA before the 2005 year of the global  telecommunication 

• system   which   require   launch   to   the   orbit   about   1000   communication 

satellites with mass up to 700 kg; .     ,i 
. absence of any space system on the market which is similar to the 

proposed Aerospace System; 
• number of satellites launched by rocket systems in the period from 1993 

to 1996 is about 15...20 per year with estimated cost of the launch from 8 

to 15 thousand dollars per kilogram; 
. according to estimations of the experts decreasing of the total launch cost 

for all programs at 20% will lead to increasing of the launched satellites 

number by three times. 

2    Development   includes   manufacturing   of   one   study-training   system 
technological  mock-up  and  mass-dimensional  mock-up  of  the   Sub-Orbital 
Plane-Booster and equivalent on-board subsystems. 

3. For the program of the System exploitation aimed on 100 launches per 

year it is necessary to produce: 
• one aircraft-carrier; 
• three Sub-Orbital Plane-Boosters; 
• required amount of the rocket stage boosters. 



Cost of the Carrier-Plane modification: 

• AN-225 -7.4 mill, dollars 
• AN-124 - 37.5 mill, dollars 

4. Technical documentation for the AN-225 and AN-124 Carrier-Planes are 
available. 

Technical documentation on reusable Sub-Orbital Plane-Booster is developed 
on the base of aerodynamic configuration of the MAKS Orbiter with the 
RD-120 rocket engine. 

Technical documentation on the Rocket Stage Booster is developed as 
modification of the SHTORM booster stage with the 11D56U oxygen- 
hydrogen rocket engine. 

5. At present the samples of proposed Aerospace System are not available. 
One sample of the AN-225 Carrier-Plane exists now and prototypes of the 
AN-124 Carrier-Plane at presents are widely used for cargo transportation. 
CHRUNICHEV Space Research & Production Center has developed technical 
documentation on oxygen-hydrogen booster module of the SHTORM type 
(advance project). 

6. Some elements of the Aerospace System - the MAKS-D Demonstrator are 
protected by patents.   Carrier-Plane has license. 

7. For realization of the project certain design-project works are necessary 
as well as manufacturing preparing. 

8. Cost of the required design-project works, manufacturing preparing and 
producing of one experimental sample of Aerospace System is 275 mill, 
dollars. 

9. Basic stages of creation and preparing for exploitation of the System: 

• 1-st stage - development and manufacturing of the first sample of the 
System. Duration 3...4 years. 

• 2-nd stage - certification tests of separate elements of the System and 
first commercial flights. Duration 1 year. 

• 3-rd stage - program of the System commercial exploitation, beginning of 
the stage in 4...5 years after the start of development. 

10. Qualification of the Aerospace System will require ground and flight 
tests. 



11. Ecological expertise of the project does not carried out. 

12. Financial  investments  of the  NPO MOLNIYA  and  other  companies- 
participants will be determined precisely at the formation of consortium. 

13. Most attractive features of the MAKS-D Aerospace System: 

• launch into the satellite orbit of commercial payloads with mass up to 1,5 
ton at specific launch cost about 1000 dollars per kilogram; 

• possibility of use already available aircrafts AN-225 and AN-124; 
• availability of basic advanced projects; 
.  availability of the System basing on the Baykonur Launching Center and 

on other centers; 
.  possibility of essential increasing (by several times) of launched mass m 

case of necessity; 
• effectiveness; 
• ecological cleanness. 

14. The table of comparable parameters of the proposed Aerospace System 

and concurrent Systems 

m\ System name, 
Company-manufacturer 

Aerospace System - 
the MAKS-D Demonstrator, 
Proposal of NPO MOLNIYA, Russia. 
PEGASUS Aerospace System, 
USA  
The X-34 Aerospace System - 
technology demonstrator, USA 

Development 
Cost, 

mill, dollars 

Availabi- 
lity of the 

System 

Cost of the 
Payload 

\.:;-'lLaü;nch,:.v: 

275 

TAURUS - light class Rocket 
Launcher, USA  

150...700 

+ 

+ 

3000... 4000 

27800 

5000...8800 

17200 



IlporpaMMa MHKpoflBHraTejieä NASA SBIR 

Author: Charles Mulford, Co-Author: Constantin Geangu 
Marotta Scientific Controls, Inc. 

78 Boonton Ave. PO Box 427 
Montville, NJ 07045-0427, USA 

tele: 973-334-7800 

<J>HpMa Marotta Scientific Controls, Inc. (MSCI) npoflOJDKaeT 
pa3pa6oTKy MHKpoÄBHraTejiefi no nporpaMMe NASA SBIR (Small Buisiness 
Innovative Research). DiaBHbiMH pe3yjibraTaMH nporpaMMH SBIR «BjiaioTca 
ÄOCTIEKeHIW B o6jiaCTH TeXHOJIOFHH MHKpOCIiyTHHKOB. 

MSCI HccjieflOBajia, pa3pa6oTajia H H3roTOBHjia MHHHaTiopHbiH 
ra30BbiH   flBHraTejib   cpe^Hero   flaBjiemra,   pa3flejiHTejibHbiH   KJianaH,   B 
KOTOpOM       HCnOJIb30BaHa       MHKpOMaiUHHHaH       TeXHOJIOrHH,        a       TaKxe 
ajieKTpoHHMH   npHBoa   c   HH3KHM   3HepronoTpe6jieHHeM   ana   noBopoTa 
ycTpoiicTB. 

MSCI   cnpoeKTHpoBajia,   nocxpoHJia  H  no/rrBepßlüia   HcnwTaHHHMH 
XapaKTepHCTHKH       MHKpOflBHraTejW       H       H3rOTOBHJia       MHKpOKJianaH       c 
HCnOJIb30BaHHeM HOBOH TeXHOJIOrHH. 

3TO no3BojiHjio yMeHbuiHTb 3anacw ToruiHBa B peaKTHBHoii cHCTeMe, a 
Taicace 3ape3epBHpoBaTb KaTOflbi B ajieKTpo/rBHraTejie. 

B cxaTbe npeacTaBjieira HH<popMaima 06 ncnbrraHax H pesyjibTaxax, 
^ocTHrHVTbix Ha 2-M STane nporpaMMe SBIR. 

H Mmicbopo; 



The NASA SBIR Microthruster Program 

Author: Charles Mulford, Co-Author: Constantin Geangu 
Marotta Scientific Controls, Inc. 

78 Boonton Ave. PO Box 427 
Montville, NJ 07045-0427, USA 

tele: 973-334-7800 

Marotta Scientific Controls, Inc., (MSCI) continues development of 
Microthruster (MT) under the NASA Small Business Innovative Research 
(SBIR) Program. The SBIR topic requested advancements in microspacecraft 
technology. 

MSCI investigated, designed and produced a moderate pressure, minia- 
ture gas propellant thruster and separately a valve which utilizes MEMS mi- 
cromachining technology, and a low power electronic driver to actuate the 
devices. MSCI designed built and tested the thruster performance, and pro- 
duced a. micro valve using similar technology. The technology reduces the 
size of components used in propulsion system, such as valveing required for 
redundant cathodes in electric propulsion. 

The results and test data collected during Phase 2 of the SBIR program 
is presented. The presented data demonstrates the desired performance. 
MSCI provides the following data and results: tight leakage data over antici- 
pated life, demonstration of operation over the pressure and temperature 
range. 

C. Mulford 



MHOrOtpyHKHHOHaJIbHMH MHKpOCnyTHHK 
,zyra HayqHtix HccjieflOBamm: Komjeimna nocTpoemra, 

cTpyKTypHaÄ cxeMa - opraHEraaijHJi pa6oT 

KXH.AracpoHOB, B.B.XpairaeHKOB 
HKHPAH 

117810, r.MocKBa, TCn-7, yn. npcxpcoKWHa«, 84/32 
TCJL: (095) 333-52-12 
Il.TpHCKa, M.BoHTa 

Hr<PM, Hexroi 

3a ncwra 40 jieT cymecTBOBanH» KocMKraecKHX annapaTOB B MHpe Ha- 
KonjieH ÖojibiuoH onwT B HX KOHCTpyHpoBaHHH, pa3Meiu;eHHH Ha HHX, B 
HACTHOCTH, HayqHbix npH6opoB, cocTaBJieHHH Hay^Hbix nporpaMM no- 
JieTa B nojiyqeHHH BaacHeHHiHX Haynrax pe3yjibTaroB. B nacTHocra, B HH- 

cTHTyre KocMmecKHX HccjieflOBaHHH POCCHHCKOH AKaaeMHH HayK (HKH 
PAH) H HHCTHTyre <PH3HKH aTMoccpepw AicafleMHH HayK HenicKOH Pecny- 
6JIHKH (H<PA AH HP) coa^aHa H OTpaöoTaHa B TeneHHe ffsyx ^ecflTHjieTtm 
Ha KocMiMecKHX annapaTax ceptra MATHOH MeTOflHKa co3«aHHH, 3anycKa 
M nojiy^ieHHa Hayrabix pe3yjibTaTOB c npHMeHeroieM MHKpocnymHKOB 
(npoeKTbi MATHK, AKTMBHMH, HHTEPBOJI). 3Ta MeTO^HKa IKMBOJIH- 

eT KOHCTpynpoBaTb Ha coBpeMeHHOH a^eMeHTHOH 6a3e Majiwe cnyraHKH 
BecoM 40 -f- 80-100 KT, KOTOpbie aaioT B03Mc»KHocTb npoBefleHHH nojmo- 
HeHHbix KOMiuieKCHbix Hccjie^oBaHHH napaMeTpoB HHOccpepw H ffp. H, 

BMecTe c TeM, Moryr ccraßaBaTbcji B HeSojibinnx Hayrao-TexHH4ecKHX KOJI- 

jieKTHBax, o6jia#a$i eme H TaKHM AOCTOHHCTBOM, KaK HeBbicoKaa CTOHMOCTB. 

ripH 3TOM B03MO)KHa mnpoKaa Koonepanira yqeHbix H HiDKeHepoB pasHbix 
cTpaH; TaK, HanpHMep, B Majibin cnyrHHK MArHOH-4 BJioxen Tpyfl KOJT- 
JieKTHBOB H3 12-TH CTpaH. 

^OCTOHHCTBOM    TaKOH    KOOnepaHHH,    nOMHMO    nOCTOHHHOrO    o6M6Ha 
MexHyHapoflHbiM onbiTOM, jiBjraeTca TaioKe B03M0XH0CTb reorpatpKraecicoro 
pacuiHpeHH5i 30H npHeMa HayHHofi HH(popMaHHH; xapaKTepncTHKH npHMe- 
iraeMbix Ha TaKHX annapaTax KOMaHÄHo-TejieMeTpEraecKoö paflHOJiHHHH no- 
3BOJIHIOT co3flaßaTb He^oporae cTannnn npHeMa H ynpaBjieHira. 

KXAracpoHOB 



IIpoeKT HH3KOOp6HTaJIbHOH KOCMHHeCKOH CHCTCMfcl CBH3H 'ToHea" 
(IJejiH, saflaHH, npo/jBimeHHe) 

KO3HOB B.H., MapTbiHOB A.A. 
PoccHHCKoe KOCMH^ecKoe areHTCTBO 
129857, r. MocKBa, yji. UJ,enKHHa, 42 

OSLKC: (095) 288-90-63 

K03JIOB AT., Tpa4)OAaTCKHH O.C. 
HIIO nprncjuwHoft MexaHHKH HM. aKaÄeMHKaM.O. PeineTHeBa 
662990, r. )KeJie3HoropcK KpacHoapcKoro Kpaa, yji. JleHHHa, 52 

OaKc: (391-97) 2-26-35 

TaMapraH B.M., BjiacoB B.H. 
HHM TOHHBIX npnöopoB 

127490, r. MocKBa, lOpnoBCKHH nep.,2 
OaKc: (095) 404-79-66 

OäHHM H3 OCHOBHBIX HanpaBJieHH» pa3BHTHa cnyraHKOBBix CHCTCM CBS3H C 

Hanajia 90-x roflOB aBJiaeTca co3,n;aHHe CHCTCM Ha 6a3e HH3Koop6HTajiBHBix KA. B 
HacToamee BpeMa B MHpe paspaÖaxbiBaeTCK OKOJIO 20 pasjiHHHBix HaHHOHajiBHbix H 

MeWtynapOflHtrX IipOeKTOB HH3KOOpÖHTajIBHBIX CHCTeM.  CTOJIB BBICOKHH HHTepec K 
HH3KOOp6HTajIBHOH CB33H OÖyCJIOBJieH CJiejryrofflHMH OCHOBHBIMH npHHHHaMH: 

• opÖHTBI  HH3KOOp6HTaHBHBIX CnyTHHKOB npOXOflST 3HaHHTeJIBHO  ÖJIHHCe  K 
3eMJie  (700-1 500KM)  no  cpaBHeHHio  c reocrauHOHapHBiMH H  BBICOKO- 

3JTJIHnTHHeCKHMH     OpÖHTaMH,     HTO     n03BOJiaeT     CymeCTBeHHO     CHH3HTB 
3HepreTHKy paflHOJiHHHH H HMCTB Ha 3eMJie ManoraöapHTH&ie a6oHeHTCKHe 
TepMHHajiBi (AT) BCCOM or 0,5 RO 3 Kr npn HC6OJIBHIHX pasMepax aHTeHH; 

• 3eMHbie CTaHHHH (AT) MoryT SBITB pa3MemeHBi HenocpeflCTBeHHO y 
noJiB30BaTejia, HTO cymecTBeHHO pacnrapaeT c<J)epy TejieKOMMyHHKaHHOH- 
HBIX ycjryr, o6ecneHHBaa BOSMOKHOCTB raoSaJiBHOH nepcoHanBHOH CBH3H; 

• TeHfleHHHeÄ K nepcoHanBHOH CB33H; 

• B03MOKHOCTBK) OÖCCneHeHHa rHOÖaJIBHOCTH CBH3H; 
• HH3KHMH    TapH<J>aMH    Ha    yCJiyrH    CBH3H    H    HeHaMH    Ha    a60HCHTCKHe 

TepMHHajn>i. 
HH3Koop6HTajiBHBie cnyTHHKH, KaK npaBHno, HMCIOT He6ojiBHiyio Maccy H 

MoryT BBiBOflHTBCH Ha opÖHTy KaK paKexaMH Majioro KJiacca, Aopa6oTaHHBiMH B paMKax 
KOHBepcHOHHbix nporpaMM (oflHHOHHBie nycKH), TaK H cpeflHero KJiacca (rpynnoBBie 

3anycKH), npn STOM 3anycKH OTHOCHTCJTBHO fleineBbi._ 
KpoMe  Toro,   MHorocnyraHKOBBie   HH3Koop6HTajiBHBie  CHCTeMBi   oOJiaaaioT 

nOBBIUieHHOH >KHBy^eCTBK) 3a CHeT TOTO, HTO BBIXOfl H3 CTpOS OflHOrO HJ1H HeCKOUBKHX 
KA CHCTeMBi He npHBOwrr K KaTacTpo$HHecKHM nepepbiBaM B cßa3H. B TO 3Ke BpeMa 
HH3KOOp6HTaJIBHBie CHCTeMBi OÖna^aiOT H paflOM He^OCTaTKOB, OCHOBHB1M H3 KOTOpBIX 
aBJiaeTca    nepeMemaeMOCTb    KA    OTHOCHTCJIBHO    aöoHeHTa,    HTO    HPHBOäHT    K 

Heo6xOÄHMOCTH CJIOaCHOH OpraHH3aHHH CBa3H. 
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K HaCTOHIHeMy BpeMeHH CJIOKHJIOCb ßeJieHHe HH3KOOp6HTajII>HBIX CHCTeM CB33H 
Ha TpH Kjiacca: 

ITepBBm KJiacc - STO Mantie HHSKoopÖHTajibHbie CHCTeMbi cnyTHHKOBOH CBJBH 

(litlle LEO) c KOCMH^ecKHMH annapaxaMH BecoM flo HCCKOJIBKHX COT KHJiorpaMM H 

npeaHa3HaHeHHbie AJIH naKeraoH nepeaann AaHHBix (NON VOICE, NON GEO, 
NVNG). 

/^Hana30Hbi nacTOT pjm CHCTCM 3Toro KJiacca JieacaT HHace 1 ITu,. 
BTOpOH  KJiaCC  -   ÖOJIblUHe  HH3KOOp6HTajIbHbie   CHCTeMbi   CnyTHHKOBOH   CB33H 

(big LEO) c KOCMHHecKHMH annapaTaMH BecoM OT 300 jap 700 KT. 3TH CHCTCMM 

npeflHa3HaHeHbi, B OCHOBHOM #JIS oöecneqeHHa a6oHeHTOB pa^HOTenecJjoHHOH CBa3bio, 
H KaK ÄonojiHHTejibHaa ycjryra - ,zura nepe#aHH ßaHHBix. 

K TpeTbeMy Kjiaccy OTHOCHTC« TaK HaBbmaeMbie cynepOojibmne 
HH3Koop6HTanbHbie CHCTeMbi - Teledesik, Skybridge H T.R. npeflHa3HaHeHHbie ana 
peajiH3au;HH B KocMoce HH<])opMaHHOHHOH cynepMarncTpajiH (HnrepHeT B He6e). 

HKCC «roHec(» no npHBe/jeHHOH KJiaccnc^HKaHHH OTHOCHTCA K KJiaccy Manbix 
HH3KOOp6HTaJIbHbIX   CHCTeM   CnyTHHKOBOH   CBH3H,   3aHHMaS   B   3TOM   KJiaCCe   KaK   6bl 
BepxHHft ypoBeHb (HanHHHe He6o.nBiiioro HHCJia peneBBrx KaHanoB, cnocoÖHOCTb 
nepe^aBaTb OTHocHTejibHo Sojibuine HH^opManHOHHbie MaccHBbi H T./L) 

B MaTepnanax HacToaineii CTaTbH onncaHbi ocHOBHbie BHZHJ ycjryr, 
npe^ocTaBjiaeMbie CHCTCMOH «roHen», KaK Manon HH3Koop6HTajiBHOH CHcreMOH 
cnyTHHKOBOH CBA3H, .zjaHa oneHKa pwHKa ycjiyr TaKHX CHCTCM, onpe^eneHO MecTO 
HKCC «roHen» cpe^H AP5'THX HH3Koop6HTajibHbix CHCTCM. 

PaccMOTpeHbi Taosce ocHOBHbie xapaKTepHCTHKH KOCMHnecKoro KOMnjieKca 
HKCC «roHen». 

BHJIM ycjiyr. npeaocTaBJiaeMMX HKCC. H oueHica noTpeOHTenfaCKoro pbimca 

Pa3Hbie Kjiaccbi HKCC opneHTHpoBaHBi Ha pa3Hbie BHABI npeßCTaBJiaeMbix 
ycnyr. 

Manbie HKCC opneHTHpoBanbi, B OCHOBHOM, Ha crieflyiomHe Kjiaccbi ycnyr: 
1. Ycjiyrn, cB33aHHbie c onpeaeneHHeM MecronojioaceHHa oSbeKTa. 
2. Ycjiyrn, CBH3aHHbie c MOHHTOPHHTOM oöbeKTOB. 
3. nepcoHajiBHaa CBH3&. 

K nepBOMy Kjiaccy oraocaTca ycjryra no .znvycTopoHHeMy o6MeHy HH(J)opMaHHH 
C      rpy30BHKaMH,      TaKCH,      KOpa6jlHMH,      aBTOMOÖHJIBHBIM      H      3KeJie3HOflOpO)KHBIM 
TpaHcnopTOM, a TaoKe ycjiyrn, CBa3aHHbie co cjiyacöoH noHCKa H cnaceHHa. 

Ko BTopoMy KJiaccy OTHOcaTca ycjryra, CBfl3aHHBie c MOHHTOPHHTOM 

oKpyacaiomeH cpe/iBi, a TaKace cöopoM HH^opMaHHH co cneTHHKOB pacxo^a pecypcoB 
(3JieKTp03HeprH3,     ra3,     BOßa),     OHeHKOH     COCTOaHHa     3flaHHH     H     Rp.     OÖBeKTOB 
npoMBinuieHHOH AeaTeJiBHOcra. 

K TpeTBeMy KJiaccy OTHOCHTC» ycjryrH, cBa3aHHbie c rjio6ajibHbiM neft^acHHroM, 
TejieonpocaMH, onepannaMH c KpeßHTHBiMH KapTOHKaMH, TejieoöyneHHeM, 
TejieMeAHHHHofi, 6e3onacHOCTbio oöbeKTOB H T./L 

npaKTHHecKHM Bee C03^aBaeMbie Manbie HKCC opneHTHpoBaHbi TOJibKO Ha 
oSecne^eHHe ycnyr 1-oro H 2-oro KJiaccoB. HKCC «FoHen», ozjHaKO, B CHJiy CBOHX 
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xapaKTepHCTHK cnocoÖHa npeflocTaBJiSTb ycjryrn H no oöecneneHHio nepcoHajibHOH 

CB33bK). 
BoJibinne HKCC opHeHTHpoBaHbi Ha cjie/iyiomHe ocHOBHbie BH^BI ycnyr: 
• paaHOTejie4)OHHaa CBK3B C noflBHKHbiMH H CTannoHapHbiMH a6oHeHTaMH, 

• nepezjana (JmiccHMHJibHOH HH^opMaiiHH, 
• rjioöajiBHbiH neH^acHHr, 
• nepeflana HH<J)opManHH o MecTonojio^eHHH no^BHacHbix o6beKTOB, 
• nepcmaHa MOKKOMnbtOTepHoI HH<j)opMaHHH. 
CBepx6ojibraHe HKCC opHenrapoBaHbi Ha nepeflany oneHb SOJIBIHHX MaccHBOB 

HH4»opMaHHH no HH^opManHOHHOH cynepMarHCTpajiH H BbicoKOKanecTBeHHOH 

nepeaaHH penn no nmpoKonoJiocHbiM KaHajiaM. 
YHHTbiBaa npHHa^Jie^cHOCTb npoeKTHpyeMon cHcreMbi K KJiaccy Manbix HKCC, 

ocHOBHoe BHHMaHHe B MaTepnanax cocpe^oToneHO Ha aHanrae eMKOcTH 

noTpeÖHTejibCKoro pbiHKa nepe/jaHH ,n,aHHbix. 
K   ocHOBHbiM   KareropHKM   nojib30BaTejieH,   Ha   KOTopbie   MoaceT   6BITB 

OpHeHTHpOBaH      pblHOK      yCJiyr      HH3KOOp6HTaJIbHHX      CHCTeM      CBH3H      OTHOCSTCa 

cjie/jyromHe. 

l.PerHOHW    co     cjia6o     pasBHTon     (HJIH     C     nojiHbiM     oTcyTCTBHeM) 

HH(|)paCTpyKTypOH CB83H. 

Hn3KOop6HTajibHbie cHCTeMBi npaKTHHecKH He HMeioT ajibTepHaxHBbi npn 
opraHH3aHHH   CB»3H   B   nojiapHbix   mnpoTax   H   B   pernoHax   co   cjia6opa3BHTOH 
HH4>paCTpyKTypOH CB33H H HH3KOH IIJIOTHOCTbK) HaceJKHHa. K TaKHM pernoHaM 
OTHOC3TCH    ÖOJIblHHHCTBO    pa3BHBaiOIHHXCa    CTpaH,    B    KOTOpblX    npOJKHBaeT    OKOJIO 
3 MJipa. nejioBeK HJIH 60% HaceneHHa 3eMJiH. Bojibnryio nacTb TeppHTopHH POCCHH H 

CTpaH 6jiH>KHero 3apy6e>Kba TaKKe cjieayeT OTHCCTH K TaKHM pernoHaM. 
OSecneneHHe ^BycTopoHHeH CBS3H Me>K/ry aooHeffraMH, Haxojj;amHxca B 

MajioHaceneHHbix H Tpy/nTOflocTynHbix paftoHax, cejibCKHX nocejncax H «epeBnax, 
HBJiaeTca KjnoneBbiM ceicropoM pbiHKa HH3KOOp6HTajibHbix CHCTCM. npn opneHTanHH 
Ha 3TOT pbiHOK cjiezryeT y^HTbißarb, HTO ypoBeHb njiare>Kocnoco6Horo cnpoca B STHX 

pernoHax, KaK npaBHJio, HCBHCOK. 

K 3TOH ace KaieropHH noJib30BarejieH cjie/iyeT oraecTH a6oHeHTOB, 
Haxoflamnxca B sKcneflHHHax, reojiornqecKHX napraax, T.e. Bcex Tex, KTO y^ajieH OT 

Ha3eMHbix COTOBHX HOT Tejie^OHHbrx ceTeft CBa3H. HMeiOTca H /xpyrae nojib30BaTejiH, 
opneHTHpoBaHHbie Ha ycjiyra ajieicrpoHHOH noHTbi, cnyTHHKOBoro paÄHOTejie^oHa H 

neHAAHHTOBOH CBa3H. 
MnpoBaa noTpe6HOCTb B ycnyrax ajieicrpoHHOH noHTbi H ycnyr nepcoHanbHoro 

Bbi30Ba cocTaBJiaeT 20 MJIH. noJib30BaTeneH. 

2. rnoöaJibHbie BeÄOMCTBeHHbie HJIH KopnopaTHBHbie cera nepe^aHH flaHHbix. 

BojibHiyio nonyjiapHOCTb B MHpe noJiyHHUH noKajibHbie BbiHHCJiHTejibHbie cera. 
OCHOBHOH HX He^ocTaTOK - 3TO orpaHHHeHHOCTb 30Hbi AeficTBHa. BHeApeHHe Cpe^CTB 
cnyTHHKOBOH CB33H B jioKaJibHbie (LAN) HJIH TeppHTopnaJibHbie cera (WAN) 
3aTpyflHeHO npn ncnoJib30BaHHH cymecTByiomHX CHCTCM cnyTHHKOBOH CBa3H. TOJIBKO 
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c noHBJieHHeM cpe^cTB nepcoHanbHOH CBK3H BO3MO>KHO co3#aHHe rjioöajitHbix ceTefi 
nepeji;aHH ^aHHtix. HroKoopÖHTajibHbie CHcreMbi oGecnenar He TOJIBKO cmDKeHHe 
3aTpaT Ha o6be#HHeHHe jioKanbHbix H TeppHTopHajibHbix ceTefi, HO H no3BOJiaT 
cBH3aT& Meayry COöOH nojiMOBaTenefi pasjiHHHbrx OIJJHCOB, $npu, H HX 

MHoroHHCJieHHtix OTflejieHHft, pa36pocaHH&ie no BceMy MHpy. C noMombio STHX ceTeft 
MO>KHO npOH3BeCTH OÖMeH ÖaHKOBCKOH, MeßHOHHCKOH, HayHHOH H ApyTHMH BHflaMH 
HH(|)OpMaHHH. JSflK 3TOrO AOCTaTOHHO yCTaHOBHTb aÖOHeHTCKHH TepMHHajI Ha OflHO H3 
paöoHHX MecT nojn>30BaTejia H aöoHeHTbi Bceft jioKajibHoii cera nonynaT flocryn K 

yÄajieHHbiM ceTHM H HX 6a3aM /jaHHbix. 

3. noflBHacHBie oöbeKTbi, TpaHcnopT. 

OAHHM   H3   HanSoJiee  MaccoBbix  nojib30BaTejieH   na  ptiHKe  ycnyr   CB»3H 

HBJISIOTCH      nOflBHKHbie      aÖOHeHTH.      HH3K00p6HTaJIbHbie      CHCTeMbI      n03BOJMK)T 
opraHH30BaTb cBa3b c aBTOMauiHHaMH, caMOJieTaMH, cyaaMH H noe3,zjaMH. PHHOK, Ha 
KOTopbifi paccHHTbiBaroT riOÄBHacHbie CHCTeMbi cnyTHHKOBofi CB33H, BKjnoHaeT B ce6a 
cyxonyTHbie, MopcKHe H aBHaHHOHHbie cpe/jCTBa CB33H. 

CyxonyTHbie cpe^cTBa,  B CBOIO  onepe^b,  oxBarbiBaioT BeÄOMCTBeHHbie H 

KOpnopaTHBHbie    CHCTeMbI    nOflBHJKHOH    CBH3H,    CHCTeMbI    nepCOHaJIbHOrO    BbI30Ba 
(neHA^CHHra), CHCTCMBI CB33H ,n;jia cejibCKHX pafioHOB. OT#ejibHbiH cerMeHT pbiHKa 
cocTaBJiflioT CHCTeMbi onpe^e^eHHa MecTonojioaceHHa aöoHeHTOB H CHCTCMM 

3KOJioraHecKoro, npoMbimjieHHoro H HayHHoro MOHHTopHHra. 
06m.ee HHCJio nojib30BaTejieH cpe^CTB cyxonyTHoii no^BHacHOH CBa3H 

cocTaBJiaeT 6ojiee 30 MJIH., BKJiioHaa aöoHeHTOB coTOBbix, TpaHKHHroBbix H 

neHflacHHroBbix CHCTCM. 

CjicayioiHHH KpynHHH ceKTOp pbiHKa cocTaBJiaioT cpe^CTBa MopcKOH 
paAHOCBa3H. B Hacroamee BpeMa STOT ceKTop pbiHKa HacHHTbiBaeT 6ojiee 200 Tbican 
cy^oB pa3Horo KJiacca, ocHameHHbix, B OCHOBHOM, cpe^CTBaMH KB panHOCBa3H. ^ojia 
cpe^CTB cnyTHHKOBOH CB33H (cHCTeMa HHMapcaT) cocTaBJiaeT OKOJio 6%. J\na 
naccaacHpcKHX MopcKHX cy^OB Ba^CHoe 3HaneHHe npno6peTaeT B03M05KHOcrb pe^eBOH 
Tejie<J)OHHOH CB33H c Bbixo^OM B TeJie<j)OHHyio ceTb oömero nonb30BaHHa. 

KpoMe Toro, cymecTByeT öojibiuoe HHCJIO Majibix nuaBcpeflCTB (pbiGojioBeuKHe 
cy^a, nporyjiOHHbie axTbi H jip.), MHorne H3 KOTopwx BOo6iu;e He HMCIOT cpe^cTB 
CBa3H. flna oöecneneHHa 6e3onacHocTH nnaBaHHa Ha HHX TpeSyeTca TaKoii BH# ycnyr, 
KaK nepe^aHH 3KcrpeHHbix coo6ineHHH H «aHHbix o MecTonojioaceHHH. MnpoBofi 
pbmoK Majibix njiaßcpe^CTB cocTaBJiaeT nopa^Ka 20.000.000 cy^oB. 

PblHOK      aBHaHHOHHblX      CpeflCTB      CBa3H      BKJIIOHaeT      B      Ce6a      CHCTeMbI 
TexHOJiorHHecKoii CBa3H, npH3BaHHbie o6ecneHHTb 6e3onacHOCTb nojieTOB H CHCTCMH 

CBa3H «na naccaacHpOB. EMKocTb STOTO pbiHKa B CIIIA oneHHBaeTca npHMepHO B 200 
TbIC. CflHHHH,. 

HaH6ojiee npnopHTCTHbiM PMHKOM ,a;jia HH3KoopÖHTajibHbix CHCTCM, 

opneHTHpOBaHHbix npeHMymecTBeHHO Ha nepczjany #aHHbix, aBJiaeTca OTpawib 
rpy30Bbix     nepeB030K     (aBTOMOÖHjibHbix,     Mcejie3HO,a;opo>KHbix,     MopcKHX     H 

aBHaHHOHHblX). 
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/JaHHaa oxpacjib Sbicxpo pa3BHBaexca H <J)aKXHHecKH cnnxaexca 
cxpaxernnecKOH, B Koxopoiä MHorae cxpaHbi B ÖJinÄannine roflbi nonbixaioxca BHHXH 

Ha MHpOBOH pblHOK. 
KaK noKa3aHO B nccJie^oBaHnax, npoBeaeHHbix EKA, öOJIBIIIHHCTBO KOMnaHHH 

no nepeB03Ke rpy30B cwraiox, HTO HX noxpeÖHoexn B ycjryrax CBH3H 6y#yx 
nocTOAHHO B03pacxaxb, H HTO cymecxByiomne cncxeMH CB«3H He y#oBJiexBOpaiox HX 

TpeÖOBaHHKM. 
napK MeawyropoAHbix aBTo6ycoB xaxace aBjiaexca noxeHnnajibHbiM 

noxpeönxejieM Ha pbiHKe ycjiyr CBJBH, T.K. ABHKeHne npe/iycMaxpHBaexca cTporo no 
pacnHcaHHK), a, cjie^oBaxeJibHO, Heo6xo/niMbi ycjiyra no onpeAeJiennio 

MecxonojioaceHna Ha BceM Mapinpyxe cjieAOBamia xpaHcnopxa. 
fljia nepeB03KH rpy30B no Kejie3HOH #opore B OCHOBHOM ncnojib3yioxca 

6ojibuierpy3H&ie KOHxeftHepbi HJIH nncxepHbi. OT cpe^cxB CB33H xpe6yexca coop H 

nepe^ana no cnyxHHKOBHM KaHauaM ^aHHbix OT flaxHHKOB, H3MepaK>mnx 

xeivmepaxypy, «aBJieHne, ypoBem» »CHäKOCXH B nncTepHax H Apyrnx napaMeTpoB. 
TpaHcnopTHpoBKa MOPCKHM H peHHbiM TpaHcnopTOM onacHbix rpy30B, B 

nepByro onepeAb xnMnqecKnx MaxepnajioB H HecJjxenpoflyKxoB, Hecex öojibuiyio 
onacHoexb. Kaxacxpo(J)bi na Mope Moryx npHBecxn He XOJIBKO K nejioBenecKHM 
KepxBaM, HO H K 3arpa3H6HHio oKpyacaromelS cpeflH, HXO B nxore uomer npHHecxn 
6ojibinne y6bixKH. KoHxpojib cocxoaHna nepeB03HMbix rpy30B fljia HHX HMeex 
nepBoexeneHHoe 3HaneHHe. fljia Majibix nnaBcpe^cxB (pbiöojiOBeuKHX cyflOB, 
nporyjioHHbrx axx H pp.) xaioKe xpeöyioxca ycjryrn no onpeflejieHHio Mecxonojio>KeHHa 

H oöecneneHHK) CBa3H c öeperoBbiMH cjiyacöaMH. 
Mnpoßaa noxpeÖHoexb B ycnyrax onpeAejieHna MecxonojioaceHna c noMom&io 

HH3Koop6HxajibHbrx cHcxeM npnBeaeHa B xaön.l. 
Taöjinna 1. 

HaHMeHOBaHHe MnpoBan 
nOTpeÖHOCTb, UIT. 

IIOTpeÖHOCTb 

cniA, B %. 
HHCJIO LEO 
nojib30BaTejiea 
BCIIIA. 

rpy30BHKH 1.800.000 25 450.000 

Tpefijiepbi 3.900.000 25 975.000 

MopcKne cy/ja 500.000 10 50.000 

Manbie nJiaBcpe^cxBa 20.000.000 5 1.000.000 

IloHCK yrHaHHbrx 
aBxoMOÖHueÄ 

160.000.000 5 8.000.000 

4. 3KOJiorHHecKHH, npoMbinmeHHbiH H HaynHbin MOHHXopHHr. 

npo6neMbi KOHXpojia cocxoaHna oKpyKaiomen cpe/pa, cocxoaHna He«J)xe- H 

ra3onpoBO«OB, c6opa ixmpoMexeo- H Äpyron HaynHon HH^opMannn Hanöojiee 
34><|)eKXHBHO pemaioxca HMCHHO C noMombio HH3KOop6nxanbHbix cnyxHHKOBbix 
CHcxeM CB33H. TaKHe oSbeKXbi, KaK He<|>xe- n ra3onpoBOflbi, OöHHHO Haxo#axca Ha 
3HannxejibHOM y«ajieHnn ox Kpynnbix HaceaeHHbix nyHKXoB, a, wieflOBaxeJibHO, 
oöecneHHXb nx KOHxpojib c noMombio cymecxByiomHX cpe^cxB Ha3eMHOH n 

CnyXHHKOBOH CB83H 3axpyaHHxejibHO. 
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MnpoBaa noTpe6HOCTb B cncTeMax aBTOMaTH3HpoßaHHoro cöopa ßaHHbix OT 

HeoöcnyacHBaeMtix ßaTHHicoB H apyrax OöBCKTOB orpoMHa. TaK, noTemjHajiLHaa 
noTpeÖHocTB B yKa3aHHtix TejieKOMMyHHKaHHOHHbix ycnyrax cocTaBJiaeT: 

CncTeMa 3HeprocHa6aceHHa - 200 MJIH. ^aTHHKOB. 
CHCTeMa BOflHoro xcBaficTBa - 80 MJIH. .naraHKOB. 
He4)TenpoBOflbi - 2 MJIH. #aTHHKOB. 
ra3onpoBo,a;bi -1 MJIH. flaTHHKOB. 
HaiiHOHajiBHbiH ptiHOK LEO nojiB30BaTejieH CIIIA paBeH 10% OT MHPOBOH 

noTpeßHOCTH, T.e. cocTaBJiaeT 23,8 MJIH. 

5. Cpe/icTBa, pa6oTaiomHe B SKCTpeMajibHbix ycjioBHax. 

B cooTBeTCTBHH c MeacAyHapoAHbiM coraanieHHeM no pemeHHio npo6jieM 
qpe3BbiHaHHbix CHTyaHHH B Eßpone, Koxopoe no,znracajiH 6OJIBHIHHCTBO eßponeäcKHX 
CTpaH,   B  TOM   HHCJie  H   PoCCHfl,   OßHOH   H3   OCHOBHMX  aBJiaeTCa   3aflaHa  3aiIIHTbI  OT 
SKOJiorHHecKHx KaracTpoo}) H opraHH3anHa noMoniH B Tex cjiynaax, Kor^a KaTacTpo4) 
H36eacaTB He y^aeTca. 

ITpH    B03HHKHOBeHHH    CTHXHHHBIX    6eflCTBHH    H    Hpe3BbIHaHHbIX    CHTyaHHH 
(3eMJieTpaceHHH, HaBO/iHeHHH, sicojiorHHecKHX HJIH npoMbiHijieHHbix KaTacTpoo)) 
HaHÖojiee öbierpbiM H 3(])4)eKTHBHbiM cnoco6oM opraHH3aHHH CB83H C paftoHOM 
öe^CTBHa ABjiaeTca Hcnojib30BaHHe cnyTHHKOBbix TepMHHajioB. ManoraoapHTHbie 
TepMHHajibi MoryT 6biTb 6bicTpo flocTaBjieHbi B HyacHbrii paftoH H pa3BepHyTbi B 

TeneHHe HCCKOJIBKHX MHHyT. Bo3MoacHOCTb paöoTbi c jnoöbix HanpaBJieHHH 
ropH30HTa,    BbicoKaa    KOH<J)H,n;eHnHajibHOCTb    nepe^aHH    ßaHHbix    RenatoT    HX 

He3aMeHHMbIMH B paHOHaX CTHXHHHblX ÖeflCTBHH H MeCTaX KOH(J)JIHKTOB. 
B nponecce ace ßaubHeiimero BoccTaHOBJieHHa cßa3H B pafioHe Hpe3Bbi*iaHH0H 

CHTyaHHH MoryT paBBopanHBaibca nepeB03HMbie 3eMHbie cTaHHHH H apyrne cpe/jcTBa, 
no3BOjiaiomHe BoccTaHOBHTb Bee BHäW CBa3H, B TOM HHCJie H TejieBH^eHHe. K 3TOH ace 
KaTeropHH nojib30BaTejieH cjienyeT OTHecTH aBapHHHO-cnacaTejibHbie H noacapHbie 
cjiyacöbi. 

6. Cpe^CTBa oöecneneHHa 6e3onacHOCTH. 

Majiora6apHTHbie TepMHHajibi HH3Koop6HTajibHbix CHCTCM oicaacyTca 
aocTaTOHHO 34>$eKTHBHbi npH cjieaceHHH 3a nepeMenieHHeM neHHbix rpy30B HJIH 

TpaHcnopTHbix cpe/icTB npn HX yroHe. B cjiynae BCKpbiTHa KOHTetmepa c HCHHBIM 

rpy30M aBTOMaTHHecKH nocwjiaeTca aBapHHHHH cHrnaji H #aHHbie o 
MecTOHaxoHCAeHHH no^BHacHoro oöbeiera. 3TH #aHHbie no KaHajiaM 
HH3Koop6HTajibHOH CHCTeMbi nocTynaioT B SjiHHcaHHiyio K MecTy npoHcniecTBHa 
cjryac6y oxpaHbi nopa/iica. C HX noMonibio MoaceT 6biTb Taicace opraHH30BaHa oxpaHa 
AaHHbix ynacTKOB H flpyrnx yßajieHHbix OöBCKTOB. 

IloHCK ymaHHbix aBTOMOOHjieii aBJiaeTca O^HOH H3 npnopHTeTHbix o6jiacTen 
HCiiojib30BaHHa HH3Koop6HTajibHbix CHCTeM. K HHCjiy noTeHHHajibHbix nojib30BaTejiefi 
TOJIbKO   B   CIIIA   OTHOCaT   8   MJIH.   aBT0M06HJiefi,   HTO   COCTaBJiaeT   5%   OT   MHpOBOH 
noTpe6HOCTH B 3TOM BHjj;e ycjiyr. 
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7. AöoHeHTH neitzwHHroBOH CB83H. 

Eojibinyio nonyjiapHOCTb BO BceM MHpe nojryHHJiH CHCTCMH nepcoHaubHoro 
paflHOBBI30Ba. OCHOBHOH HeflOCTaTOK 3THX CHCTeM - OrpaHHHeHHOCTb 30HBI fleHCTBHa. 
HH3KOOpÖHTaJIBHBie CHCTeMbI n03B0JiaT OÖeCneHHTB perHOHaJIBHBIH HJIH raoÖaJIBHBIH 
nepcoHanBHBiH BBBOB Ha Been TeppHTopHH 3eMjra flaace B cjrynae, ecJiH 
MecTonojioaceHHe nojib30BaTejia HeH3Becrao. AöoHeHTbi MoryT öBITB 3aKpenjieHBi 3a 
OXZjeJIbHblMH     perHOHaJIBHBIMH     CTaHHIWMH,      KaK     B     TpaflHUHOHHblX     CHCTeMaX 
neHA^HHroBOH CBJI3H. JLra aöoHeHTOB >Ke, paaoH npeöbißaHHa KOToptix TOHHO 

HeH3BecTeH, npenycMaTpHBaeTca BO3MOKHOCTB AyÖJiHpoBaHna cooömeHHH nepe3 

pa3HBie perHOHajiBHbie CTamjHH. 
CneKTp npHMeHeima ycnyr nepcoHauBHoro BBBOBa oneHb niHpoK. OHH 

HanGonee npHBJieKaTejibHbi flJia KypHajiHCTOB, ÖH3HecMeHOB, oömecTBeHHbix 
/jeaTejieft, nyTeniecTBeHHHKOB H Bcex Tex, Hba ÄeaTejibHOCTb CBa3aHa c pa3be3flaMH. 

CymecTByiOT H «pyrae oßjiacTH npHMeHeHHa HH3Koop6HTajibHbix CHCTCM, 

TaKHe KaK TejieMejjHnHHa, TejieoGyneHHe H Äpyrne, KOTopbie He BKJIBDHCHW B 

npHBefleHHbiH Bbime nepeneHb, nocKOJibKy He 0Ka3biBaK)T 3aMeTHoro BjmaHHa Ha 
nOKa3aTeJIH 3KOHOMHHCCKOH ScJxJieKTHBHOCTH CHCTeMbI B HeJIOM. 

Cne^yeT OTMeTHTb, HTO B HeKOTopbix H3 nepeHHCJieHHbix oönacreft 
cnyTHHKOBaa CBa3b yace 3aBoeBaJia npoHHbie no3HHHH, B TO Bpewta KaK B apyrax 
Ha6jiK>aaeTca nponecc 6'bicxporo pacnrapeHHa, conpoBOÄAaeMbiH pocroM nncjia 

nojib30BaTejieH. 
TaKHM o6pa30M5 oömaa CMKOCTB pbiHKa ycJiyr flJia HKCC nepe^aHH flaHHbix 

cocTaBJiaeT no pa3HHM oneHKaM OT 100 «o 400 MJIH. nojib30BarejieH. 
B   HacToamee   BpeMa   Ha  pbiHKe   ycnyr   HKCC   npe/uioJiaraioT   pa6oTaTb 

ÄOCTaTOHHO ÖOJIbHIOe HHCJIO MaJIblX,  60JIbIHHX H CBepXÖOJIbHIHX CHCTeM.  H3  MaJIblX 
HKCC 3TO Orbcomm, Starsys, Faisat, Leosat, LeoOne, Gemnet, E-Sat H T.JI. 

H3 6ojibiHHX HKCC 3T0 HpHflHyM, rjio6aJiCTap, Oflnccefi, ISO, 3juiHncar. 
CHCTeMbI Teledesic, Skibridge H Celesti npeflnojiaraioT pa6oTaTb, B OCHOBHOM, 

Ha pbiHKe MeacKOMnbKDTepHbix KOMMyHHKaimfi. Oömee KOJIHHCCTBO nepcoHanbHbix 
KOMnbKDTepoB B MHpe 125 MJIH. (B 1995 r.) c eÄeroflHbiM pocTOM B 20% aBJiaeTca 

HeHCHepnaeMbiM PBIHKOM flJia 3THX CHCTCM. 

OcTaHOBHMca BHanane Ha 3a«BJieHHOM nncne nojib30BaTejieft Majibix HKCC. 
CncTeMa Orbcomm 3aaBHJia o noTeHH.Hajn.HOM HHCJie nojib30BarejieH B 5 MJIH. 

aöoHeHTOB B 2001 r. H3 HHX HaHÖOJibuiee HHCJIO (äO 4,5 MJIH.) npHxoflHTca Ha 
nepe^any aßapHHHbix cooöineHHH, cöop «aHHbix (265 TBIC.) H T.#. 

CncTeMa Starsys npe/niojiaraeT npHBJienb K 2001 r. #o 7 MJIH. nojib30BarejieH. 
CHCTeMa Faisat paccHHTbiBaeT npHBJienb flo 2 MJIH. nojn>30BaTejieH. no 

HecKOJibKo MHJUiHOHOB nojibsoBarejieH paccHHTbmaiiH npHBJienb cncTeMbi Leo One 

Usa H Gemnet. 
EojibiHHe HKCC, KaK y^e oTMenajiocb, KpoMe ycjiyr paiiHOTejie^oHHOH CBa3H 

npe/niojiaraioT npe^ocTaBJiaTb ycnyrn H no nepejjane nmnux. 
TaK B HpHAHyMe H3 o6uiero npe/jjiojiaraeMoro nncjia nojn>30BaTejien B 3,4 

MJIH. 30% öyziyT nojib30BaTbca ycjryraMH nepe^aHH aaHHbix. 
B CHCTeMe TnoSancTap flo 64% nojib30BaTejiefi (H3 3 MJIH.) 6yayT nojib30BaTbca 

ycjryraMH nepe^ann ^aHHbix. 
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MO)KHO npeanojioacHTfc, HTO 6jiH3Koe cooraoineHHe (OKOJIO 40%) H3 o6mero 
HHCJia aöoHeHTOB ocTanbHbix oojibuinx HKCC 6y%yT nojib30BaTbca ycnyraMH 
nepe^aHH flaHHbix. TaKHM o6pa30M; o6mee HHCJIO aöoHeHTOB co3/jaBaeMbix HKCC 
COCTaBHT 22 MJIH., HTO COCTaBHT 20% OT nOXeHI^HaJIbHOH eMKOCTH pbiHKa. 

IlpH oueHice noTeHUHajibHoro pbmica pjix HKCC «roHeu.» MM He ynHTbiBaeM 
KOHKypeHiiiHio co CTopoHbi reocTannoHapHbix CHCTCM. 

B HacTOHmee BpeMa H3 reocTauHOHapHbix CHCTCM ycjiyra nepe«aHH «aHHbix 
npe/jcraBJiaiOT CHCTCMH OMHHTpaK, HHMapcaT H EBTarnpaic. CyMMapHoe KOJIHHCCTBO 

aöoHeHTOB 3THX CHCTCM HC npesocxo/jHT HecKOJibKHX COT TbicHH. flaace C BBe^eHHCM 
HOBbix reocTaHHOHapHbix CHCTCM noTCHHHajibHbiH pbmoK ocTaeTca orpoMHbiM. 

Bee Bbime cKa3aHHoe no3BOJiaeT yTBepac/taTb, HTO 3aaBJieHHbiH noTeHHHajibHHH 
o6beM pbiHKa HKCC «roHen» MOMCCT 6biTb pearaoyeM #a>Ke B ycjiOBHax ßocraTOHHO 
HCeCTKOH KOHKypeHHHH. 

CpaBHHTejibHbie xapaKTepncTHKH HKCC npHBczjeHbi B Ta6ji.2. 

KOCMHHCCKHH KOMnjieKc HKCC "roHen" 

B  POCCHH, KaK H B .npyrax KOCMHHecKHX .gepacaBax, B nocjie^HHe ro#bi 
OTHeTJfflBO     npOCMaTpHBaeTCH     TeHßeHHHH     paCHIHpeHHfl     HCnOJIb30BaHHH     MaJIHX 
KocMHHecKHX annaparoB (MKA), Maccofi He npeBbiinaiomHX HecKOJibKHX COTCH 

KHJiorpaMMOB. yKa3aHHaa TeH#eHHHa o6ycnoBJieHa pH^OM 3KOHOMHHCCKHX H 

TexHOJiorHHecKHx   <J)aKTopoB,   a   Taioice   Tpe6oBaHHaMH   KOHKpeTHoro   HeneBoro 
HCnOHb30BaHHK Cpe^CTB KOCMHHeCKOil TeXHHKH. 

Pa3BHTHK> Majibix pa3MepoB B KOCMHHecKOM annapaTOCTpoeHHH cnocoöcTByioT 
nOCJie^HHe flOCTHHCeHHfl B MHHHaTK)pH3aHHH SJieKTpOHHO-BblHHCJIHTeJIbHOH TeXHHKH, B 
OÖJiaCTH C03«aHHH JieTKHX H npOHHblX KOHCTpyKHHOHHblX MaTepHaJIOB, B03M05KHOCTH 
Hcnojib30BaHHH     Ana     3anycKa    MKA     CHHMaeMbix     c     öoeBoro     «eacypcTBa 
Me>KKOHTHHeHTajIbHbIX 6ajDIHCTHHeCKHX paKCT H ÄOpaÖOTKa HX £Jia KOHBepCHOHHOTO 
npHMeHeHHK. Ha 6a3e H^eit MKA npe^nonaraeTca co3«aHHe ocHOBHoro 3BeHa HKCC 
'ToHen" - KocMHHecKoro KOMnjieKca. 

B cocTaB KocMHHecKoro KOMnjieKca 'ToHen" BXOAHT cjie^ryioiHHe cocTaBHbie 
HacTH: 

• paKeTHO-KOCMHHecKHH KOMnjieKC (PKK), o6ecneHHBaK>mHH rpynnoBoe 
BbiBefleHHe KA Ha opönry; 

• op6HTajibHaa rpynnnpoBKa KA (Or KA); 

• aBTOMaTH3HpoBaHHaa CHCTCMa ynpaBJieHHH op6HTanbHOH rpynnnpoBKOH KA 
(ACY Or KA). 

AHanH3 anbTepnaTHBHbix npoeKTHbix pemeHHH, npoBe#eHHbrii 
pa3pa6oTHHKaMH, noKa3aji, HTO fljia C03,gaHHa KOHKypeHTOcnoco6Horo OTenecTBeHHoro 
HH3KOOpÖHTaJIbHOrO       KA      CBH3H      HeOÖXOflHMO       nepeCMOTpeTb      TpaflHHHOHHbie 
OTenecTBeHHbie noAxo/ibi K co3flaHHK> HH3Koop6HTajibHbix KOCMHHCCKHX annapaTOB 
CBA3H, peajiH30BaHHbix, HanpHMep, Ha KOHBepcnoHHbix KA THna 'ToHen-fll". Kax 
cjieflCTBHe, npeTepnejia KapflHHajibHbie H3MeHeHHa He TOJibKo KOHCTpyicrHBHo- 
KOMnoHOBOHHaa cxeMa cnyraHKa. CneayeT OTMCTHTB Hcnojib30BaHHe B cocraBe KA 
«roHen» 6opTOBoro HHCj)poBoro BbiHHCJiHTejibHoro KOMnjieKca, npeHH3HOHHOH 
CHCTeMbi opHeHTanHH H CTaÖHJiH3aHHH KA (BBe^eHbi onTHnecKHe, HHepHHajibHbie H 
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HcnojiHHTejibHbie npnSopbi, npHMeHeHbi opHenrapyeMbie naHejiH EC), CHCTCMH 

HaBHranHH H ynpaBJieHHa /nuiaceHHeM (ana peineHHa 3a^aHH TOHHOTO onpefleneiraa 
MecTonoJio>KeHHa),    CHCTCMH    KoppeKUHH    («Jia    noanepacaHHa    6ajuiHCTHHecKOH 
CTpyKTyptl      OpÖHTaJIBHOH      rpynnHpOBKH),      BbICOKOnpOH3BO,iniTeJIbHOH      CHCTeMbI 
TepMoperyjiHpoBaHna (B CB33H C yacecToneHHeM TpeöoBaHHH co CTopoHbi öopTOB&ix 
CHCTeM),     BbICOK034»4ieKTHBHOH    CHCTeMbI    3JieKTpOnHTaHHa    (ß    CB33H     C    pOCTOM 
3HeproBOopy»ceHHocTH cnyraHKa H yBennneHHeM pecypcoB, Bbi^ejiaeMbix Ha BPTK). 

BopTOBOH paaHOTexHHHecKHH KOMnjieKC KA «roHen.» o6ecnenHBaeT: 
• nepepeTpaHCJianmo nn^poBOH HH^opManHH Me>Kny aSoHeHTaMH cncTeMbi B 

TOM HHCJie H c npoMOKyTOHHbiM xpaHeHHeM ee B 6OPTOBOM 3anoMHHaiomeM 
ycTpoftcTBe, BKJiiOHaa opraHH3amno aocryna K pecypcaM KA H opraHroanHio aocraBKH 

HH(J)opMaii;HH; 
• ynpaBJieHHe nejieBbiMH H oöecnenHBaiomHMH CHCTeMaMH KA coBMecrao c 

Ha3eMHbIMH     Cpe^CTBaMH     aBTOMaTH3HpOBaHHOH     CHCTeMbI    ynpaBJieHHfl,     BKJIIOHaH 
4)OpMHpoBaHHe H nepe^any TejieMeTpnnecKOH H flHaraocTHHecKOH HH<|)opManHH o 

COCTOSHHH BPTK H CHCTeM KA, a TaiOKe CHTHaJIOB paflHOKOHTpOJia OpÖHTbl. 

B cocTaB BPTK KA 'ToHen" BXOHHT: 

• peTpaHCJWTopbi «HanasoHa 0,2-0,4 ITH. (KaHajibi cncTeMbi 'ToHen-fll" H 

CKopocTHbie KaHajibi); 
• aHTeHHO-^HflepHbie ycTpoÄCTBa. 
/JOCTOHHCTBOM HcnojibsyeMofi B BPTK KA «ToHen» KOMMyramm cooÖmeHHH 

«BJiaeTCfl aBTOHOMHOCTb 4>yHKHHOHHpOBaHHH, HTO OHeHb Baaoio jyia peraoHOB, rae no 
KaKHM-JiHÖo npHHHHaM HeB03MO>KHO pa3MemeHHe perHOHajibHbix CTaHHHH, HanpHMep, 

B aKBaropHH MnpoBoro oKeaHa. 
BopTOBoft KOMnjieKC ynpaBJieHHs H cncTeMa ynpaBJieHHa KA «ToHen» B nejioM 

nocTpoeHbi no MarncTpajibHO-MOJiyjibHOMy npHHnnny c neHTpajiH30BaHHHM 
ynpaBJieHHeM. B KanecTBe BHyTpeHHeft MarncTpajra Hcnojib3yeTca napajuiejibHHH 
jiOKanbHbift HHTep4)eHc, y>Ke peajiH30BaHHbiH Ha pa/je KA, pa3pa6aTMBaeMbix B HFIO 
UM. B KanecTBe BHeniHHX nntJDpoBbix HHTep^eficoB SopTOBoro KOMnjieKca 
ynpaBJieHHa HcnoJib3yioTca MyjibTHnjieKCHbift KaHaji oÖMeHa H nocjieflOBaTejibHbiH 
HHTep4)eftc RS-232C, cooTBeTcrayioinHe OTenecTBeHHbiM H MeamyHapOÄHbiM 
CTaHÄapTaM, HTO no3BOJiaeT HcnojibsoBan, mnpoKHH accopTHMem oTenecTBeHHbrx H 

3apy6e5KHbrx npnöopoB H ycTpoiicTB B cocTaße cJiy^eÖHbix H neJieBbix CHCTCM KA. 
npewioKeHHbiH npHHHHn nocTpoeHHa 6opTOBoro KOMnjieKca ynpaBJieHHa KA 
«roHen» no3BOJiaeT THöKO H3MeHaTb KOH<|>HrypanHio CHCTCMH ynpaBJieHHa. 

BopTOBOH   HH^pOBOH   BblHHCHHTeJIbHblH   KOMnjieKC   nOCTpOeH   Ha  OCHOBe   2-x 
6opTOBbix nH(J)poBbrx BbiHHCJiHTejibHbix ManiHH, oöbeflHHeHHbix B KOMnjieKC no 
npHHUHiry annapaTHO-nporpaMMHoro ynpaBJieHHa pesepBaMH. BopTOBbie HH<J>poBbie 
BbiHHcaHTejn,Hbie ManiHHbi paöoTaioT noa ynpaBJieHHeM ycTpoHCTBa noiwep>KKH 
OTKasoycTOHHHBOCTH   H   aBapHHHoro   6jioKa   ynpaBJieHHa   öopTOBoro   KOMnjieKca 

ynpaBJieHHa. 
CncTeMa opneHTanHH H CTaOHjnmnHH nocTpoeHa Ha 6a3e nyBCTBHTejibHbix 

3jieMeHT0B - npHÖopa opneHTanHH Ha CojiHne, npn6opa opneHTanHH Ha 3eMJiio, 
H3MepHTejia yrjioBbix cKOpocTefi, MarHHTOMeTpa H HcnoJiHHTejibHbix opraHOB - 
sjieKTpoMarHHTHbix HcnoJiHHTejibHbix opraHOB, npHBOAOB öaTapefi COJIHCHHWX, 

sjieKTpoMarHHTHbix ycTpoficTB. K ocoöeHHOCTaM nocTpoeHHa cncTeMbi opneHTanHH H 
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CTaÖHJiKöanHH cjieflyeT OTHCCTH BOSMO^CHOCTB oöecneneHHa BHCOKOH TOHHOCTH 

yrjioBOH opHeHTai^HH KA B npocTpaHCTBe c paBJiHHHbiMH BapnaHTaMH npnöopoB, 
HcnojiB30BaHHe flByx npHBO^OB naHeJiefi öarapefi cojiHeHHbix, pacnojioaceHHHx B 

paftoHe ijeirrpa Macc cnyTHHKa. 

CncTeMa HaBHran.HH H ynpaBJiemia ^BHaceHHeM nocipoeHa Ha 6a3e 6opTOBOH 
HaBHraaHOHHOH annapaTypBi, oöecneHHBaiomeH npneM pazmocnrHanoB CHCTCMBI 

GPS/«rjioHacc». IlpH 3TOM o6ecneHHBaeTca TOHHOCTB onpe^eneHHa nonoacemia KA 
Ha HKO He xy>Ke 70 MdpoB. IIpe,zniojiaraeTca Hcnojib30BaHHe 6opTOBofi 
HaBHrauHOHHOH annapaTypBi B HHTepecax COC jms. onpe^ejieHHH yraoBoro 
nojioaceHHH cnyTHHKa. 

CncTeMa KoppeKHHH nocTpoena Ha 6a3e flBHraTejia KoppeKHHH, no3BOJiaiomero 
KoppeKTHpoBaTb apryMeHT ninpoTbi KA 'ToHen" c TOHHOCTBIO + 0,2°. 

CncxeMa   3JieKTponHTaHHH   nocTpoeHa   Ha   6a3e   opneHTHpyeMbix   öaiapeü 

COJIHeHHBIX        Ha        KpeMHHeBBIX        4)OTOnPe°6pa30BaTejleH,        HHKeJIb-BOflOpOJIHOH 
aKKyMyjWTopHOH öaTapen H öjioKa aBTOMaraKa. 

CncTeMa TepMoperyjiHpoBaHua KA «roHen» co3#aeTca Ha 6a3e naccHBHbix 
cpeacTB TepMoperyjmpoBaHHa c Hcnojib30BaHHeM SKpaHHO-BaKyyMHOH 
TenjioH30JiaHHH, KOHflyKTHBHoro TennooTBOfla no sjieMenraM KOHCTpyKHHH, 
BbipaBHHßaHHa c noMOiHbio xenjioBbix Tpy6 nojien TeMneparyp Ha paananHOHHbix 
noBepxHOCTax, npHMeHeHHa KOMneHcanHOHHoro H ynpaBjiaeMoro sneKipooöorpeBa. 

Oöimrii BHfl KA 'ToHen" npeflCTaBneH Ha pnc. 1. 

KA 'ToHen" HMeeT cjie,ayK>inKe ocHOBHbie TexHHHecKHe xapaKrepHCTHKH: 
- pecypc 7 nerv npn pacqeTHoft BepoaTHocTH 6e30Tica3HOH pa6oTbi 3a CAC - 

0,771; 
- Macca He 6ojiee 250 KT; 

- TOHHOCTb yraoBoft opneHTanHH - 15 yra. MHHyT; 
- TOHHOCTb onpeaejieHHa MecTonojioaceHHa KA Ha opöme - He öojiee 70 M; 

- o6maa cpeflHeBHTKOBaa SHeproBoopyaceHHOCTb KA He MeHee 0,25 KBT, npn 
3TOM nHKOBaa go 0,5 KBT 

- B03MO)KHOCTb KOppeKTHpOBaTb apryMeHT IHHpOTbl KA 'ToHen" C TOHHOCTbK) 
±0,2°,    no3BOJiaiomeH    oöecnennTb    BbicoKyio    CTaÖHJibHOCTb    6ajiJiHCTHHecKOÄ 
CTpyKTypbi opÖHTajibHOH rpynnnpoBKH; 

- aBTOHOMHOCTb KA H npocTOTa B ynpaBJieHHH. 
Eme oflHOH cocTaBHoii nacTbio KOCMHnecKoro KOMnjiexca 'ToHen" aßjiaeTca 

opÖHTajibHaa rpynnnpoBKa. AHajiH3 B03M03KHbix BapnaHTOB nocTpoeHHa opönrajibHOH 
rpynnHpoBKH KK 'ToHen" noKa3an, HTO HaHjrynniHe xapaKTepHCTHKH oöcjryacHBaHHa 
a6oHeHTCKHx TepMHHajiOB ßocraraiOTca npn öajuiHCTHHecKoft cTpyioype op6HTaabHOH 
rpynnnpoBKH, HMeromeä Kpyroßyio opönry BMCOTOH «1500 KM H HaKJicmeHHeM «82°. 

npe^nojiaraeTca nosTanHoe pa3BepTbmaHHg opönrajibHOH rpynnnpoBKn. 
OönniH BHä öanjiHCTHHecKOH CTpyKTypbi opönraJibHOH rpynnnpoBKH nepBoro 3Tana 
npHBefleH Ha pncyHKe 2, Bioporo 3Tana - Ha pncyHKe 3. 

OpÖHTajibHaa rpynnnpoBKa nepsoro STana COCTOHT H3 12 KA, pa3MemeHHbix B 

Tpex nnocKocTax no 4 KA B Kaac^oH (cncTeMa 3x4). BTOpaa IUIOCKOCTB OTHocHTejibHO 
nepBOH H TpeTba oraocHTejibHo nepBofi pa3HeceHbi no ßOJiroTe BocxoAanjero y3jia Ha 
66°. Oa3HpOBaHHe KA O/JHOH opÖHrajibHoft nnocKOCTH - paBHOMepHoe. Oa3HpoßaHHe 
KA B coce^HHX opÖHTajibHbix njiocKocTax nepe3 45°. OpÖHTaubHaa rpynnnpOBKa 

O. Tpa^OAaTCKHH 



nepßoro 3Tana aBJiaeTca <J)parMeHTOM opÖHTajiBHOH rpynnnpOBKH BToporo 3Tana H 

oöecneHHBaeT BpeMH oacHflaHHa Ha TeppHTopHH P<3> He öojiee 10 MHH., a BpeMa 
nepeHoca HH<f>opMannH c nepepeTpaiicjianHeH nepe3 Ha3eMHyio cTaHHHio pp 1 naca. 

OpÖHTajibHaa rpymrapoBKa BToporo 3Tana COCTOHT H3 48 KA, pa3MemeHHbix B 

inecTH nnocKocTflx no 8 KA B Kaawofi (cncTeMa 6x8). OpönrajibHbie nrocKocra 
(Kpoivie nepBofi H mecTon) CMemeHbi no «ojiroTe Bocxo^amero y3Jia oraocHTejibHO 
coceÄHefi Ha 33°. <Da3Hp0BaHHe KA B coceflHnx opÖHTaubHbix njiocKocTax (KpoMe 
nepBOH H inecTofi) nepe3 22,5°. CncTCMa BToporo arana oöecnenHBaeT BpeMa nepeHoca 
c nepepeTpaHCJianneH nepe3 na3eMHyio CTaHUHio - äO 40 MHHyT. 

nojiyneHHaa MaccoBaa pa3MepH0CTt KA 'ToHen" (He öojiee 250 Kr) 
onpeaejiaeT flocrraTOHHO nrapoKyio HOMeHKjiaTypy cpe,n,CTB BbiBeaeHna, no3BOJiaiomHx 
oöecneHHTb rpynnoBoe H o^HHOHHoe BbiBezjeHne KA 'ToHen" Ha nejieByro opömy: 
KPH «KOCMOC», KPH «POKOT», KPH «PHKina», KPH «IIITHJIB», KPH «HeBa», KPH 
«CTapT». TeM caMbM, npHHHHnHaubHaa BOSMOKHOCTB 4>opMHpoBaHHa opönrajibHOH 
rpynnnpOBKH KK «roHeu» He BbBHBaex coMHemra «aace c yneroM Toro, HTO 

paccMaTpHBajmcb cpe^CTBa BbmefleHHa TOJibKO OTenecTBeHHoro H3roTOBJieHHa. 
OflHaico, Hcxo^a H3 MHHHMroanHH 3aTpaT Ha BbiBeneHHe H npeflCTapTOByio 
noflroTOBKy K 3anycKy, a TaKace c yneTOM peajibHoro cocToaHHa TOTOBHOCTH cpeflcra 
BbiBefleHHa K HX Hcnojib30BaHHio, B KanecTBe ocHOBHoro BapnaHTa cpe^CTB BbiBeaeHHa 

BbiGpaH KPH "POKOT". 

PaKeTa-HOCHTejib JierKoro miacca "POKOT" pa3pa6aTbiBaeTca mHU; HM. 

XpyHHHeBa Ha 6a3e KOHBepcnoHHofi ^ByxcTyneHHaTofi MBP PC-18 (no 

MOKÄyHapoflHOH KnaccH4)HKanHH - SS-19). 
TaKHM o6pa30M, pa3pa6oTaHHbie KOCMHHCCKHH KOMnjieKC «roHen» HMeeT 

cjie^yiomHe ocHOBHbie xapaKTepncTHKH. 
BanjiHCTHHecKoe nocTpoeHne opönrajibHon rpynnnpOBKH KK 'ToHen" HMeeT 

cjieayiomHe ocHOBHbie xapaKTepncTHKH: 
• THH KpyroBaa 

• BblCOTa, KM 1500 
• HaKJioHCHHe, rpa# **2 
• KOUHHecTBO njiocKOCTefi: 

- Ha nepBOM 3Tane 3 
- Ha BTopoM OTane 6 

• KOJIHHeCTBO KA B OflHOH njlOCKOCTH 
- Ha nepBOM 3Tane 4 
- Ha BTopoM 3Tane 8 

Pa3BepTbiBaHHe opÖnrajibHOH rpynnnpOBKH ocymecTBJiaeTca PH "POKOT" no 

neTbipe KA 'ToHen" B KaawoM 3anycKe. 

O. rpa$o«aTCKHH 



PHC. 1. OömHH BHfl KA «roHen;» 

O. rpa^oaaTCKHH 



PHC.2. CTpyKTypa opÖHTarobHoft rpynnnpoBKH KK 'ToHeu;" nepBoro 3Tana 

(3*4) 

O. rpa<J)0£aTCKHH 



PHC.3. CTpyicrypa opÖHTantnoH rpynnnpoBKH KK 'ToHen;" BToporo 3Tana 

(6*8) 

O. Tpa(|)OÄaTCKHH 
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TpaHcnopTHpyeMMe cTapTOBbie KoivinjieKCbi 

/HA 3anyc.Ka MaJibix cnyniHKOB 

A-O-YTKHH 

KoHCTpyKTOpcKoe 6iopo cnenHajibHoro MauiHHOCTpoeHHii 

194100, r.CaHKT-rieiepöypr, JlecHon npoe3,n, 64 

Teji.: (paKc: 

ß CB5I3H c noTepeii j\im POCCHH BO3MOXHOCTH ocyinecTBjieHHa 

HHTeHCHBHBix 3anycKOB HennjioTHpyeMLix KA pasjiHHHoro 

Ha3HaHeHHH c  KOCMOflpoMa  "EaracoHyp"  nepe# CTpaHOH B03HHKjia 

HeOÖXOflHMOCTb C03JXÜHMSL KOCMOflpOMOB. 

ÜMeioiujiecji B HacTomuee BpeMfl Ha TeppHTOpHH POCCHHCKOH 

«DeflepaHHH KocMOflpoMbi "ITjieceipc" H "CBOöOäHLIH" co3#aiOT 

HeKOTOpbie orpaHKqeHHa. PacnojioateHHe KocMOjnpoMa "ILieceiijc" B 

ceBepHbix uiHpoTax flejiaex npaicnraecKH HeB03M03CHbiM 3anycK c ero 

TeppHTopHH KA c noMombio paKer-HOCHTejieii (PH) nerKoro KJiacca. 

KocMOflpOM "CBOöoflHbra" pacnojioaceH 3HaHHTejibHO KxacHee 

KocMo^poMa   "ILieceipc",   HO   cKa3biBaeTCH   ero   y#ajieHHocTb   OT 

npOMblUIJieHHblX      HeHTpOB      H      CB«3aHHOe      C      3THM      yBejiMHeHHe 

SKcmiyaTaHHOHHbix pacxo^oB. 
B    HacToamee    BpeMH    KB    cneHHajibHoro    MauiHHOCTpoeHHfl 

COBMeCTHO C rOJIOBHblMH npeßnpHJITHflMH-paSpaeOTHHKaMH HSßeJIHH 

paKeTHO-KOCMHHeCKOH   TeXHHKH   BeflyTCfl   npOpaÖOTKH   no   C03flaHHK) 

TpaHcnopTHpyeMbrx CTapTOBbix KOMiuieiccoB AJIH PH,  B TOM qncjie 

paKeT, CHHMaeMbix c öoeBoro jjeacypcTBa. 

npopaöoTKH Be#yTC5i no js^yu HanpaBJieinraM: 

- co3AaHHe CTapTOBbix KOMroieKcoB 3cejie3Ho^opo3CHoro 

6a3HpoBaHHii; 
- C03flaHHe CTapTOBHX KOMnjieKCOB MOpCKOrO 6a3HpOBaHHH. 

Co3#aHHe CTapTOBbix KOMnjieKCOB acejie3HOflopoiKHoro 6a JiipoBiiinui 

npe/HiojiaraeTca BCCTH c Hcnoj[b30BaHHeM HayqHo-TexHHHecKoro 

3a,n,ejia H KoonepanHH npeflnpHMTHH-coHcnojiHHTejieii, npHHHMaBiuHx 

paHee ynacTHe B co3#aHHH cneHnajibHbix acejie3HoaopoxHbix 

arperaTOB. 
Hcnojib30Baroie CTapTOBbix KOMnjieKCOB )Kejie3HO#opoxHoro 

6a3HpoBaHH5i o6ecneiiHBaeT B03M03CHOCTb: 

A.YTKHH 



- aocraBKH na MecTO crapra cocTbiKOBaHHbtx H npoBepeHHMx Ha cTeHflax 

3aBOflOB-H3roTOBHTejieii PH HI KA; 

- co3flaHH« npe/jnocbuioK HCKJHOHCHHH aoporocToamero arana nojmroH- 

HOH npoßepKH PH c KA nepea 3anycKOM; 

- HCKjnoHeHHa Heo6xo#HMocTH CTpoHTejibCTBa coopyaceHHH TexHiwecKO- 

ro KOMiuieKca PH H KA. 

B cocTaB >Kejie3HOAopo»cHoro crapTOBoro KOMiuieKca BXOAHT: 

- nycKOBaa yeraHOBKa; 

- KOMaüqHbiH nyHKT; 

- ÖblTOBaff 30Ha. 

ITycKOBaa ycTaHOBKa (pncyHOK 1) COCTOHT H3: 

- ocHOBHoro arperara, B KOTOPOM pa3MemaK>Tca: TpaHcnoprao-nycKOBOH 

KOHreHHep (TÜK) c PH, npHBOA OTKpHBaHHH KpwniH, npHBOÄ noffbQMa TIIK, 

npHBOfl BWBeiDHBaHHH BaroHa H ero ropH30HTHpOBaHH», TexHOJiorHqecKHe H 

TexHHHecKHe CHCTCMW, o6ecneHHBaK>mHe HeoßxoAHMbie ycjiOBHa xpaHemra 

PH c KA B nepHoa xpaiHemuii, nepeB03KH K MecTy crapTa H B nepnoA IICWOTOB- 

KH PH K nycKy; 

- BcnoMoraTCJibHoro arperaTa, B KOTOPOM pa3MemaK>TCH cHCreMM 3JieK- 

TpocHa6)KeHHH, oöecneneHHa xeMnepaiypHO-BjiaacHocTHoro peacHMa, TexHOJio- 

rHHecKoe oöopyAOBaHHe, o6ecneHHBaiomee paöcny ycrpoHCTB OCHOBHOIX) ar- 

peraTa; 

- nyHKxa ynpaBjiem«! nycKOBOfi ycTaHOBKH, B KOTOPOM pa3MemaroTCH 

annapaTypa CHcreM ynpaBjieHHH, HaBHramra, ajieicrpocHaoaceHH«, TejieMeTpHH. 

KoMaHAHHH nyHKT BKjDOHaeT B ce6a BaroHM ynpaBJiemra H CBJBH C ueH- 

TpoM   ynpaBjieHHH   nojieTaMH   H   C   H3MepHTejibHbiMH   nyHKTaMH,   BaroH- 

3JieKTpOCTaHqHK). 

BbiTOBaa 30Ha BKJiKraaer B ce6n BaroHbi AJW pa3MemeHHH oöcjiyacHBaio- 

mero nepcoHana, BaroH-crojiOByio, BaroH aBTOHOMHoro sanaca. 



Bee arperaTbi co3flaioxca Ha 6a3e uejibHOMexajunwecKHX BaroHOB pe4>- 

pHacepaxopnoro rana c AJMHOö KysoBa 23,6 M. B aaBHCHMoera ox fljfflHbi PH 

BaroH ocHOBHoro arperaTa MOJKCT 6bixb 6ojibiiiei* AJIKHH. 

BaroHW CBasanw M my co6ofi MeacarperarabiMH KaöejibHbiMH CBHSHMH, 

a OCHOBHOH H BcnoMoraxejibHbiii arperaxw, KpoMe xoro, rHflponepexoaaMH. 

B npouecce xpaHCnojmipoBKH PH K Mecxy cxapxa B OCHOBHOM arperaxe 

aBXOMaxiwecKH noAnepacHBaroxca TeMnepaxypHO-BJia*cHocxHHH pexaiM H HHC- 

xoxa B03^yxa. 

no npHÖbixHH Ha Mecxo cxapxa rcejiesHoaopoacHbiH cocxaB pac<t>opMHpo- 

BbiBaexc«. 

uycKOBaA ycxaHQBKa pas&temaexca Ha Mecxe cxapxa. OcxajibHbie arpera- 

Tbi oxBOflaxcH Ha 6e3onacHce paccxoamie. 

npoBOÄJrrca sjieKxpoHcnbixamia PH H KA c 3anHCbio Ha xejieMexpHio. 

OcymecxBJwexca nycK PH. 

nocjie nycKa PH nycKOBaa ycxaHOBKa npHBoanxca B xpaHcnopxHoe no- 

jioaceHHe. 

Bee onepauHH no noaroxoBice H npoBeaeHHio nycKa, a xaK>Ke npHBeae- 

HHio nycKOBOH ycxaiHOBKH B xpaHcnopxHoe nojioacemie nocjie nycxa npoBoaax- 

ca aBxoMaxHqecKH, 6e3 yqacraa o6cJTy*aiBaiomero nepcoHana. 

OopMHpyexc« cocxaB H cxapxoBbifi KOMroienc BOSBpamaexca Ha 3aB0A- 

H3roxoBHxenb 3a HOBWMH PH H KA. 

CTapTOBbie icoMiuieKCM MopcKoro 6a3HpoeaHHji HMeiox B cpaBHeHHH 

c KOMiuieKcaMH HaseMHoro 6a3HpoBaHna cymecxBemioe npeHMymecxBO - BOS- 

MOHCHOCXb npOBeAeHHH KOCMHUeCKHX nyCKOB H3 3KBaXOpHaJIbHbIX HIHPOX.  B 

3XHX ycJioBHHx sawiexHO yBejMHHBaexca nojiesHaa Harpysica, B oco6eHHOCXH 

WM reocxaiHioHapHHx HC3. 



KoMiuieKCbi MoryT HMCTB pasjnwHbiH OÖJIHK. 6 HIOJM cero roaa no HQH- 

TpajibHOMy TejieBimeHHio 6MJI noKü3aH crapr H3 noflBOflHOH JIOAKH paKexbi- 

HOCHTejw KA, KOTopbiii ycnenmo BHBe^eH Ha opömy. 

B HacToamee BpeM« no npoeicry «CH JIOHH» H3roTOBjieHO ocHOBHoe Tex- 

HOjioriwecKoe o6opy#OBaHHe am MopCKoro CTapTa - cöopoHHo-KOMaHßHoe 

cyflHO H nycKOBaa iuianfcopMa, KOTopbie CJicayiOT K MecTy flajibHeäuiHx pa6oT. 

IlyCK Ha3nmQH opHenrapOBOHHO Ha OKTÄÖpb 1998r. 

B 1994 roay IJHHH HMCHH aicafleMHKa A. H. KpbuiOBa pa3pa6oTaH TCX- 

mraecKHii OTqer «ITjiaByqHH yHHBepcajibHbrä crapTOBbiH KOMiuieicc (nYCK)», 

B KOTOpOM npOaHajlH3HpOBaHH aOCTOHHCTBa H HeflOCTaTKH KOpaÖJieft pa3JIHq- 

Horo apxHTeKTypHoro -rana (KaxaMapaHw, Kopaßjm c Majioft njioinaawo Barep- 

jiHHHH, njiaByqne rraar^opMM, njian^opMbi c onopHbiMH KOJioHHaMH, K0pa6jiH 

C KOpnyCOM TpaÄHUHOHHOH ^OpMbl), C TOHKH 3peHHH HCnOJIb30BaHH» HX ÄJIH 

nycKOB paneT H npeflnoHTeHHe 0T,aaH0 K0pa6jWM c KOpnycoM TpazmnHOHHOH 

(J)OpMbI. 

B 1998 ro«y ICBCM pa3pa6oTajio «npeajiojKeHHa no co3flaHHK> MOpCKO- 

ro CTapTOBoro KOMiuieKca KOS. 3anycica paKer-HOCHTejieA», rae B KanecTBe nyc- 

KOBOÜ ycTaHOBKH npeAJiaraerca npHMeHHTb coeraBHoe cyaHO, cocraamee H3 

«Byx nacTeii - rpy30Bon H MianiHHOH ceKimfi, coeaHHeHHbix Meayjy coöoii »ee- 

CTKHM CnenHbIM yCTpOÖCTBOM. 

rpy30Baa ceicmiÄ npeaHasHaneHa am TpaHcnopTHpoBKH PH, notfbeMa ee 

B CTaproBoe nojioaceHHe H npoBeaeHHa nycKa. OHa npeflCTaBJweT coöoii Heca- 

MOxoAHoe cy^Ho CMeniaHHoro iuiaBaHH«, 6yKCHpyeMoe no Mopio MauiHHHOH 

ceKUHeä, a no BHyTpeHHHM BOAHWM nyDiM - peHHWMH TOJiKanaMH. 

He3HaqHTejibnaa (max 3,3 M) ocamca rpy30B0fi ceKinni npeaocraBJiaeT 

B03M0)KH0CTfa Hcnojib30BaHHfl am PH cyinecTByioineH npoMbiinjieHHOH 6a3bi, 

Haxo^auueHCH He TcwibKO no6jiH3oera OT MopCKoro noöepeaeb«, HO H BHyrpH 

CTpaHbi (JIH6O apyrax CTpaH) B6JIH3H BHyTpeHHHX BO^HWX nyreii. Majiaa oca#- 



Ka ipy30Bofi ceion-m no3BOJiaeT TaioKe CHH3HTB Tpe6oBaHHa K 6eperoBOMy 

KOMiuieKcy npH 3arpy3Ke paKexbi. 

IlpH npeanaraeMOH TexHOJionra paöoT HCHe3aer Heo6xoflHMOcn> nepe- 

rpy3KH PH c o/moro cyflHa na apyroe B ycjiOBHax OKeaHa, nojiHOCTbio co6paH- 

Haa H npoBepeHHaa m saBO^e paKera H KA TpaHcnopTHpyiOTca K MecTy crapia. 

TaKHM o6pa30M, H npw MOPCKOM crapTe PH B03MOÄHa npeaiiaraeMaa 

KBCM ana 3Kejie3HOAopoacHoro CTapTa TexHOJioraa: 

H3roTOBJieHHe - TpaHcnoprHpoBKa K MecTy CTapra - CTapT. 

ManiHHHaa ceKima npeAHa3HaneHa ana TpaHcnopTHpoBamia rpy30Bofi 

ceKwm H KOMnoHeiiTOB paKeraoro TOiuiHBa, noaroTOBKH PH K nycny H o6ec- 

newmisi TpeöyeMOH OCTOHHHBOCTH nycKOBOfi ycTaHOBKH nepea nycKOM H BO 

BpeMa nyCKa PH. MauiHHHaa ceKinw COCTOHT H3 ocHOBHoro cyflHa H «Byx ayr- 

pnrrepOB, coeaHHenHbix c OCHOBHMM cyaHOM »ecTKO, JIH6O inapimpHO. 

Tpy30Baa ceiama HMCST nojiHoe BOflOH3MemeHHe 3...4 TMC. T, Hanöojib- 

myio AJiHHy no 100 M, HaH6ojibniyio urapHHy 15... 16 M, MaKCHMaribHyio ocaa- 

Ky 3,3 M. 

TaKoe cyflHo cnocoÖHO npofira no BceM OCHOBHMM BHyrpeHHHM BOäHHM 

nyraM POCCHHCKOH Oeaepanroi H YKpaHHbi (no CHCTeMe Bojiro-Eajrra, Bojiro- 

floHa, KaHajiy HM. MOCKBW). Fpy30Baa ceiama KpoMe TexHOJioriwecKoro 060- 

pyAOBaHHa ana paöoibi c PH H CTaproBoro CTOjia ocHameHa co6cTBeHHOH 

3HepreTHHecKOH ycraHOBicoft äJW nirraHHa TexHOJionwecKoro oöopyaoBaHHa, 

cpeACTBaMH ofecneqemui coxpaHHOcra PH BO BpeMa TpaHcnoprapoBKH, cpea- 

CTBaMH noÄapoTyuieHHa H 6opb6w 3a »CHByqecTb, annapejibio jvm 3arpy3KH 

PH. TpK)M CeKUHH, B KOTOpOM Haxoflirrca PH, B TpaHcnopTHOM nojioaceHHH 3a- 

KpwT CABHHCHOH Kpumeft Ha BCK) AnHHy PH. Ha ceKunn pacnojiaraiOTca »mibie 

noMemeHHa ana pa3MemeHHa Heöojibinoro aiomaJKa, conpOBoaeaaiowero ceie- 

mno no BHyTpemfflM BOAHMM nyraM H oxpaHaiomero ee BO BpeMa OTCToa. 



XapaicrepHcniKH MaimnffioM ceicqHH no^önpaioTCH TaicHM oöpasoM, HTO- 

6H oßecneHHTb BCCH nycKOBoft ycxaHOBKe HeoöxoflHMwe MopexoflHwe Kanecr- 

Ba H OCTOHHHBOCTI* npH nycice PH. 

B OCHOBHOM Kopnyce pa3MemaiOTCÄ: rjiaBHa» SHepreimecKa» ycTaHOB- 

Ka, 3KHnaac, 3anac rororaBa., paono- H HaBHraimoHHoe ooopyaoBaHHe. 

B ayTpurrepax pa3MemaK>Tc«: CMKOCTH C KOMnoHenraMH paKeraoro TO- 

roiHBa (oKHCJiHTenfe H ropwrcee B pa3H&ix ayrpHrrepax), cpeacraa 3anpaBKH PH 

KOMnoHeHiaMH paKeiHoro ronnHBa, öaruiacrawe imcrepHH, cpeacTBa noaeapo- 

Tymeiuw, 6anmH c iuiomaflKaMH KpyroBoro oocjiyHCHBaHiw PH, npHBoaa 6a- 

meH o6cjiyÄHBaHHH. 

Oömee BOflOH3MemenHe nycKOBofi YCTUHOBKH 9... 14 rac. T, HaHÖojiBmaa 

aroma 140... 150 u, MaKCH»*ajibHaH ocamca 6,6 M, nmöonbinasi nrnpima B CTap- 

TOBOM nOJIOÄeHHH 50.. .60 M. 

He6ojiBiraie pa3Mep€WHH Bcex BoaoroMemaiomHx nacTeft nycKOBoft yc- 

xaHOBKH, a Taioxe coeaHHemie oCHOBHoro Kopnyca c ayiptirrepaMH Ha iuiaBy 

flaiOT B03M03KHOCTb HCnOJIWOBaXb ÄJW riOCTpOHKH, OOCJiyJKHBaHHa, MOÄepHH- 

3aUHH H peMOHTa BCeX 3JieifeHTOB nyCKOBOH yCTaHOBKH flOKH CyflOpeMOHTHMX 

npe^npHHTHH cpcaHeroHHaHCHHx cyaoB. 

PH nojiHocTbK) coöüpaercH B MHKe OAHOTO H3 cyinecrayioiinix paKero- 

CTpOHTejibHux npe,zmpHÄTHii Ha TpaHcnopTHo-nycKOBOH 6ajiKe. Eajnca oimpa- 

eTCH Ha TpH 4x ocHwe Hceijie3Hoaopo3KHbie TCJIOKKH rpy30nofli»eMHOcrbio no 

IOOT, croHiime Ha TpexKOJieiteoM Hcejie3HOflopo>KHOM nyra, no KoropoMy co6- 

paHHbiH HOCHTejiB TpaHcnoprapyercÄ K impcy JIOKOMOTHBOM. TeM ace JIOKOMO- 

THBOM PH no annapejiH 3aKarwBaercÄ B ipioM rpy30B0H ceienHH (pncyHOK 3), 

rae TpaHcnoprao-nycKOBaj[ 6araca c PH 3aKpenjwercH Ha noai>eMHOM ycrpofi- 

CTBC 



Ilocjie 3arpy3KH PH rpy30Baa ceicmw no BHyrpeHHHM BOäHHM nyraM 

npoBoaHTC« penHHM ÖyiccHpoM B MODCKOH nopT K Mecxy coeaHHeHHH c Ma- 

iiiHHHoii ceramefi. 

CoeÄHHeraie rpy30BOÄ ceKimn c Mannnfflofi ocyinecTBjweTca cmiaMH 

MamHHHofi ceicuHH BO BHyrpeHHeii HJIH BHenmeß aKBaTOpHH nopTa. 

Ilocjie coeÄHHeHH« nycKOBaa ycTaHOBKa wer K Meciy nycica PH (pacy- 

HOK 2). Bo BpeMH nepexoaa ayTpHirepM CBeaeHH H coeÄHHeiar c OCHOBHHM 

KopnycoM ManiHHHOÄ ceramH H C rpy30Boft cerameft. Taicoe nojioaceinie no3Bo- 

jweT cyimy Jierqe npeoflOJieBaTB CHJiBHoe BOJIHCHHC CHiracaeT neperpy3KH Ha 

PH H oßjierqaer npoxoameHHe no MOPCKHM KaHanaM H no aKBaxopHHM noproB. 

npn noaroTOBKe K nycKy ayipHirepH pa3flBHraiOTCÄ. BaniHH arperaiOB 

o6cjiy3KHBaHHH ycraHaBjiHBaioTCÄ B BepinKanbHoe nojiOHceroie. Ha rpy30Boft 

ceicuHH icpMma, 3aKpHBajomaa PH npn TpaHcnopTHpoBice, CÄBHraercÄ, OCBO- 

ooama« npoeM äJW no,m>eMa PH. ÜOÄ&eMHoe ycTpoftcTBO npn noMonm rHÄpo- 

mwHHÄpoB noÄHHMaeT PH B BCpTHKajibHoe nojiOHeemie. 

PH 3aKpenjwerca na nycKOBOM crojie. K PH HOäBOääTCä roiomaffKH Kpy- 

roßoro o6cjiy»CHBaHHÄ. B xaxoM nojioaceHHH npOH3BOÄHTC« 3anpaBica PH KOM- 

noHeirraMH paiceTHoro TomiHBa H noaroroBKa K nycKy. 

nepea nycKOM ayipHrrepH c öanmaMH oocjiyaoiBaHHa OTBOääTCH OT PH 

(pncyHOK 4). ra300Tpa»aTejiBHHe JüOKH no« nycKOBbiM CTOJIOM aaiaOHBaiOTCii 

B erapioBoe nojiOÄeHne, oncpMBa» OKHa an» oraeÄenHH npouyicroB cropaHH«. 

nocjie 3aBepmeHHfl noflroTOBKH K nycicy dKHnaac nycKOBOü ycxaHOBicH 

nepecaMCHBaerc« Ha cyaHO KOCMuraecicoH cJiyacöw, c Koroporo H npon3BOÄHTca 

ynpasjieHHe nycKOM PH. 

npH nycKe nepe« oTpHBOM PH OT nycKOBoro crojia TpaHcnoprao- 

nycKOBaa 6ajuca, Ha Koropoii epQH3BO,anJiacb cöopica PH, TpaHcnoprapoBKa H 

noÄteM ee B BepraicajibHoe nojiOÄeHHe, OTBOäHTCä OT PH ana ooecneneHHÄ 

6e3yÄapHoro Bwxofla PH c nycKOBOü ycTaHOBKH. 
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PücyHOK 4 - 3anycK paKera-HocHrenx c MopcKOÄ nycxoBod ycranoBKH 



^BHraTejiBHbie ycTaHOBKH Maji&ix KOCMHHCCKHX annapaTOB. 

E.F.JlapHH, B.A.Hei<pacoB r.O.Pein 
HHH MamHHocTpoeHHa HIIO MamHHOCTpoeHHa 
624610 r.HnxHfla Carma 143952, r.PeyroB MOCKOBCKOH O6JI. 

yji.CTpoHTejieii, 72 yji.rarapjma, 33 
OAKC: (8-34345) 3-17-03 OAKC: (095) 302-20-01 

lO.H.BepniHHHH 
yPo PAH 

HHCTHTyT 3JieKTp0<f)H3HKH 
620049,r.EKaTepHH6ypr, 
yji.KoMCOMOJibCKaa, R.4 

«E>AKC: (343-2) 74-50-51 

B ^oKJiafle oßcyayjaiOTCfl Bonpocbi co3flaHHH flBHrarejibHbix ycTaHOBOK (Jfy) no# 
pa3pa6oTaHHbie HIIO Main iipoeKXbi aHCTaHUHOHHoro 30HZfflpOBaHHfl 3eMjm (333) H 

KOCMHHCCKOH CB33H Ha 6a3e Manbix KOCMHHCCKHX annapaTOB (MKA), BbiBOflHMbix Ha 
pa6oHHe opÖHTbi c noMombio paKeTbi-HOCHTejia (PH) "CTPEJIA". IlpeflCTaBJieHbi 
pe3yjibTaTbi npe/mapHTejibHoro npoeKTHpoBaHHa H OTpaöoTKH flByxKOMnoHeHTHbix 
»cHzncocTHbix paKeTHbix flBHrarejiefi Marion Tarn (BMT) c Tarofi 2,9H H arperaroB Jjy w% 
MKA #33. PaccMOTpeHbi B03M05KHi>ie BapnaHTbi oöjimca J]y KoppeKUHH H #opa3roHa c 
Hcnojib30BaHHeM 3JieKTpopaKeTHbix aBHrarejieii (3?JJ) THna CUR, J\AC .zuia MKA 
KocMHnecKOH  CBA3H.   OGeyamaioTca  pe3yjibTaTbi paöoT  HHH  Mam  no  co3#aHHio 
HMnyjU>CHbIX     3JieKTp0HH0-,n;eT0HanH0HH&IX     3PJI     (H3,flP,Z0      H     B03M0)KH0CTb     HX 
npHMeHeHHS B Jjy KOppeiCnHH H CTaÖHJIH3anHH MKA KOCMHHeCKOH CBA3H pa3pa6oTKH 
HnO Mam. 

nofl   pa3pa6oTaHHbie   HnO   Mam   npoeKTbi   MKA   .zuia   .zmcTaHUHOHHoro 
30HflHpOBaHHfl 3eMJIH H KOCMHHeCKOH CB83H C03flaK)TCfl flBa BH#a J5^\ 

ff/ mm  oGecneneHH»  ynpaBjiemia  nojieTOM  MKA  ,333,  Haxo;jamerocfl  Ha 
OKOJI03eMHOH    Op6HTe,    B    KOTOpOH   B    KaHeCTBe    HCnOJIHHTeJIbHblX    OpraHOB    CHCTeMbI 
ynpaBJieHHfl (CY) Hcnojn>3yioTca acnzucocTHbie ,flMT; 

JSy fljia o6ecneHeHH« ynpaBJieHHfl nojieTOM MKA KOCMKHCCKOH CBJHH, 

BbiBO^HMoro Ha reocTannoHapHyio opömy (rCO), B KOTopofi B KanecTBe jjpBHraTejieii 
KoppeKHHH H #opa3roHa Hcnojn>3yioTCfl 3P/J. 

UV MKA JHCTaHnHQHHOrO 3QHHHPOBaHHg 3eMJIH 

Jjy c BbrrecHHTejibHOH CHCT6MOH nojjaHH TonjiHBa nocrpoeHa no TpazranHOHHOH 
fljiH TaKoro Kjiacca jieTarejibHbix annapaTOB cxeMe, co/jepacHT B CBOCM cocTaße öaruioHbi 
BbicoKoro flaBJieHHfl, sjieKTponHeBMOoanaH (3nK), pe^yKTop, 6aKH c pamejiHTejibHbiMH 
ÄHa^parMaMH, jmHrarejib KoppeKmni (cepHHHbifl 17,0,5 83), cBfl3Ky flMT CTaÖHJiH3anHH 
(6 mr.). KoMnoHeHTbi TonjiHBa - aMHJi, renran. Paöonee Tejio CHCTCMH uamysa - a30T, 
rejmn. CyMMapHbin HMnyjibc Tarn OKOJIO 1,2 105 He. 

K>.H.BepniHHHH, E.r.JIapHH, B.A.HeKpacoii, r.O.Peiu 



B nejiax oöecneneHHa 3aaaHHoro ypoBHH HaÄeacHoera flY KOMraieicryeTCH 
arperaTaMH, npomeaiiMMH jierayio SKcnjiyaranHio B cocTaße roflejiHH HTIO Mam H 

Apyrnx npeflnpHsrom. BMecre c TeM JKCCTKHC orpamweHns no Macce BbESBaJiH 
HeoöxoÄHMOCTb npOBeaeHHH HOBbix pa3pa6oTOK. 3ro npesKse Bcero #MT c rarofi 2,9 H, 
a TaioKe 3IHC H peayicrop. CepHHHbin flByxKOMnoHeHTHbifi JIMT c Tflrofi 2,9 H co3flaercji 
BnepBbie Ha ocHOBe HMeiomeroca B HHH Main saaejia no paspa6oTKe #MT c ypoBHeM 

Tarn 0,1 -s-1 H. 
K HacTOHmeMy BpeMeHH npOBefleHbi sKcnepHMeHrajibHbie HConeflOBaHHs 

HecKOJibKHX cxeM opraHH3auHH pa6onero npouecca B KaMepe croparow (KC) Ha 
caMOBOcnjiaMeHHiomHXCfl KOMnoHeHrrax TonjiHBa - aMHJi, renran. 

H3yneHbi cxeMbi CMeceo6pa30BaHHH c npHMeHeHHeM nopncTbix sjieMenroB, 
BHxpeBbix KaMep, flByxKOMnoHenTHbix cMecHTejibHbix sjieMeHTOB, no3BOJiaK>iu.Hx 
noBHCHTb 34>4)eicrHBHOCTb CMeceo6pa30BaHHa H oxjiaaweHHa KC H yBejiHHHTb yflejibHbrä 

HMnyjibC Tarn. 
AHajiH3 3KcnepHMeHTajibHO-xeopeTHHecKHX HccjieflOBaHHÖ noKa3aji: 

Ha «BHraxejiax c nopHCTbiM CMecHTejibHHM sjieMeHTOM yaejibHbrä 
HMnyjibC rara cocTaBHJi (2520...2880) M/C B flHana30He H3MeHeHiw cooTHomeHH» 

KOMnoHeHTOB TonjiHBa Km= (1,4.. .2,3) H aaBjieHHH Ha Bxoaax OT 10 • 105 AO 20 • 10 Ila; 
Ha flBHraTejiax c BHxpeBofi KaMepofi onTHMH3auHeH KOHCTpyicuHH H 

peacHMHbix    napaMerpoB    MO5KHO    o6ecnenHTb    aocraTOHHO    BMCOKHH    ypoBenb 
3KOHOMHHHOCTH     flBHTaTCJIH     npH     npHCMJieMOM    TenJIOBOM     COCTOHHHH.     OCHOBHbIM 
He^ocTaTKOM, orpaHHHHBaiomHM npHMeHeHHe noAo6Hofi cxeMbi, aBJiaerca noTpe6HOcrb B 

BbicoKHx aaBJieHHHX nofla^H KOMnoneHTOB TonjiHBa (PBX > 30 • 10 ria); 
na flBHraTejie c «ByxicoMnoHeHTHbiM CMecHTejibHHM SJieMenroM nojiyneH 

y^ejibHbiH HMnyjibC Tarn 2160...2750 M/C B flHana30He H3MeHeHHa Km =(1,3...2,2) H 

flaßjieHHH Ha Bxoflax OT 8 • 105 w 22 • 105 na. BpeM» 3anycica cocTaBHjio Menee 0,03 c. 
flna no^aHH KOMnoHeHTOB TonjiHBa B KaMepy cropaHHH ABHraTejieii 

HcnoJib30BajiHCb cepHfiHbie sjieierpoiaianaHbi 12PT.200.00, KoropbiMH KOMnjieKTyerca 
cepHHHbm ABHraTCJib 17^583, ycneuiHO SKcmryaTiipoBaBiiiHHCH B cocraBe Jjy 

KOCMHHeCKHX CTaHUHH "AJIMA3", "MHP". 
Pa3pa6oTKa 3IIK npOBoanrca Ha ocHOBe 3aaejia, HMewmeroca B HHH Mam, 

nojiyneHHoro npH OTpa6oxKe KOHcrpyKnHH sjieicrpOKjianaHa JJJs/fJ Ha pa6oneM «aBjieHHH 
110-105IIa. B xo«e npeÄiuecTByiomHx HHOKP OTpa6aTbiBajincb pa3jrcraHbie BHAM 

npHBOAOB    3anopHofi    apMarypbi    OT   sjieiopOMarHHTHbix    npaMoro   ÄeficTBHH   «o 
AByXKOMnOHeHTHblX  KJianaHOB flBOHHOrO  fleHCTBH«  B  HHTerpHpOBaHHOH  CMeCHTeJIbHOH 
roJiOBKe AMT. Onnpaacb Ha HMCIOIUHHCS nojrc»KHTejibHbiH onbiT co3ÄaHna 3anopHbix nap 
H 3jieKTpoKJianaHOB, B 1997 r. 6bm cnpoeicrapoBaH 3IIK, npeflHa3HaHeHHWH äJW 

SKcnjiyaTanHH B cHcreMax HawiyBa TomiHBHbix 6aKOB MKA c aaBJieHHeM paÖonero Tejia 

RO 350 • 105 Ila. 3ITK npHCBoeH HHäCKC 40 MBCK 200.00. 
B nejiflx yHH4)HKa.nHH npOH3BOflCTBeHHoro H TexHOJioraHecKoro o6opyÄOBaHHa 

3I1K co3«aeTCH na 6a3e cepHHHO roroTaBjiHBaeMoro H ycneuiHO SKCnjiyarapyiomerocH B 

cocraße flMT sjieicrpOKJianaHa PT 200.00. 
TexHHHecKHe xapaicrepHCTHKH 3I1K: 
pa6onee Tejio a30T, rejinfi; 

ÄaßjieHHe paöonero Tejia, Ila 350-10 
BpeMH cpa6aTbiBaHHfl He 6ojiee, c 0,02 

HanpjratceHHe nHTaHHfl, B 27_5 

MaKCHMajibHoe TOKonoTpeÖJieHHe, A 1,5 
Macca He 6ojiee, KT 0,19 

K).H.BepnraKHH, ET.JIapHH, E.A.HeKpacoB, r.O.Pem 



Peflyicrop ma CHCTCMM HaAAyßa fly pa3pa6aTbiBaeTca HnO Main Ha ocHOBe 
HMewmeroca onbrra co3Aaffiia cepnOHbix peAyKTopoB äJM jieraTejibHbix annapaTOB 
pasjiHHHoro Ha3HaHeHHH. Hcnojib3yiOTca OTjiaaceHHbie TexHOJioraH H3roTOBJieHHa c6opKH 
H HcnbrraHHa. B ocHOBy KOHcirpyicuHH peayKTOpa nojioaceHa OTpaÖOTamiaa 
KHHeMaTHHecKa« cxeiwa B3aHMOAeHCTBHa peryjiHpyiomHx sneMeHTOB. CHHaceHHe Maccbi 
no cpaBHeHHK) c cyinecTByioinHMH npoTOTHnaMH AOCTHraerca 3a cner yMeHbineHHa 
pacxofla pa6onero Tejia. 

XapaKrepHCTHKH peflyicropa. 
paöonee Tejio a30T, rejiHfi 
flaBjieHHe Ha BxoAe, Ila 350 • 105 -s- 30 • 105 Ha 

«aBjieHHe Ha BbixoAe, Ha (22 + 3) • 105 Ila 
MaKCHMajibHbifi oGbeMHbiH pacxoA 
npH flaBJieHHH Ha Btixoae 22 • 105 Ila, M

3
/C 1,5 - 10-3 

Macca pe^yKTOpa, KF 0,7 

fly MKA KOCMnnecKOH CBH3H. 

fljia SKcnjiyaTHpyioiniHxca Ha TCO MKA SHepreniHecKH nejiecoo6pa3HO 
Hcnojib30BaHne fly c 3Pfl. HHO Mam npewicoKeH paA cxeM BbreeAeHHa, B Koxopbix 
noKaaaHa npHHininHajibHaa B03M05KH0CTb AOcraBKH nojie3HOH Harpy3KH Maccofi AO 520 
KF Ha TCO c Hcnojib30BaHHeM PH "CTPEJIA", AonojiHHTejibHoro TBepAOTomiHBHoro 
AOpa3roHHoro ÖJioica H fly MKA c 3Pfl. 

B 3TOM cjiynae fly c 3Pfl, c>6ecneHHBaioinaa ynpaßjieHHe ABnaceHHeM nempa 
Mace MKA H noanepMcaHHs ero B TOHKC CTOHHHH Ha TCO, HcnojiHaer Taicsce (J)yHKn,HH 
flopa3roHHoro ÖJioica, 3aAatHeii KOToporo aBjiaerca BbiBefleHHe MKA c HeKOTOpofi 
npoMeacyTOHHOH opGirrbi Ha TCO. üpouecc BbiBeAemia AOJDKCH npoAOJDKarbca He Gojiee 
145 cyroK. 

B cocTaße fly npeAnojiaraerca Hcnojib30BaTb cepHHHbie 3Pfl CIIfl-70 c Taroi 
40 • 10"3 H pa3pa6oTKH OKB "OAKEJ1". CyMMapHbifi HMnyjibc Tara fly 1,3 -106 H • c. 

fljia ynpaßjieHHH ABHACHHCM MKA OTHOCHTejibHO uempa Mace Ha ynacTKe 
BbiBeaeHHfl H Ha TCO npeAnojiaraerca Hcnojib30BaTb aonojiHHTejibHyio ABHrarejibHyK) 
ycTaHOBKy cra6H.jiH3anHH c cepHHHbiMH ABHraTejiaMH K10 na MOHOTororaBe (rHflpa3HHe) 
c Tarofi 100 • 10"3 H, Taicace pa3pa6()TKH OKB "OAKEJT. CyMMapHbifi HMnyjibc Tara 
3,4 • 104 H-c. 

PaccMaTpHBaerca B03MoacHocrb Hcnojib30BaHHa BMCCTO CIIfl-70 3Pfl flAC 
pa3pa6oTKH UHHHMAHI, KOTopbie npH OAHOH H TOH »ce Tare HMCIOT MeHbinyio Maccy, 
6onhWRK (05KHfl.aeMbiH) pecypc pa6oxbi H pacnojiaraiOT B03MOJKHOCTbio peryjrapoBaHHa 
MOIAHOCTH B nojiere. IlocneflHee o6cToarejibCTBO npeACTaBJiaer 3HaHHTejibHbifi HHTepec, 
T.K. no3BOJiaer onTHMH3HpoBaTb noTpeGjieHHe 3HeprHH OT 6opTOBoro HCTOHHHica 
(cojine^Hbix 6aTapefi) npH BbiBe«eHHH MKA H npn COBMCCTHOH paöoTe Ha FCO fly H 

HejieBOH annapaTypw. HeAOcraTKOM TaKoro Bapnairfa KOMiuieKramra fly aBjiaeTca 
OTcyrcTBHe npaicrHKH JICTHOH siccmiyaTannH 3Pfl flAC. 

npeflCTaBjiaeT 3HaHHTejibHbiH nm-epec Hcnojib30BaHHe HMnyjibCHbix njia3MeHHbix 
«BHraTejiefi   (Hllfl),   no3BOJiaiomHx  coBMecTHTb   B   OAHOH  sjieicrpopeaKTHBHOH  fly 
(ftyHKUHH KOppeKUHH, CTa6HJIH3aUHH H OpHeHTaiJHH MKA. PaÖOTbl   no    C03AaHHIO   Hllfl 
BeAyrca B HHH Main COBMCCTHO C HHCTHTyroM 3JieKTpo(J)H3HKH ypO PAH. 

3TH ABHrarejiH npHHHHnHajibHo OTjiHnaiOTca OT cymecTByiomHx 3Pfl KaK no 

4)H3HHecKHM  nponeccaM,   $opMHpyiomHM  HMnyjibc  Tara,  TaK  H  no  TexHHnecKHM 

K).H.BepnraHHH, E.r.JIapHH, B.A.HeKpacoB, r.<U.Pein 



pemeHiwM HMnyjibCHOro HCTOHHHKa snepraH. B OTjwrene OT H3BecTHbix HMnyjibCHbix 

3PJI B npeflJiaraeMOM ABHraTejie: 
OCHOBHOH HMnyjifac rana 4>opMHpyerca Ha craflHH pacnpocTpaHeHna pa3p*ma B 

oQ-bQMe HJIH no noBepxHOcra paoonero Tejia; 
HMnyjibCHbifi  pa3pHÄ pacnpocxpaHaercfl co  cropOHW  aHoaa  B  HanpaBjieHHH 

KaTOAa; 
Hcnojib3yK)TCH HMnyjibCbi BbicoKoro HanpaaceHH» (160+220 KB) HaHOceicyHflHOH 

(54-10 HC) flJIHTejIbHOCTH; 
HOHroanna pa6onero xejia nponcxoflHT BO sporne yaapHOH BOJIHM, Kaie pe3yjibTaT 

B3pbIBH0H 3MHCCHH BaJieHTHblX SJieKrpOHOB B CTOpOHy aHOfla; 
MexaHH3M yCKOpCHHJI npOÄyiCTOB HOH006pa30BaHHH - 3JieKTpOCTaTHHeCKOe 

B3aHMOfleHCTBHe     nOJIOÄHTejIbHblX     HOHOB     HCTeKaiOBDieH     njia3MbI     C     OÄHOHM6HHO 

3apaaceHHofi noBepxHOCTbio paGonero xe.na. 

B coBOKynHOCTH 3TH oco6eHHOCTH pa3pa6aTbiBaeMbix flBHraTejien npHBOfljrr K 

3HaHHTe:ibHOMy noBbiuieHHK) y^ejibHoro HMnyjibca B TOpueBOM BapHanre pa3pHÄHoro 
npoMcacynca (He MeHee 20000 M/C), B TO BpeMfl KaK y cymecTByiomHX TOpneBbix 

HMnyjibCHbix 3P# - He 6ojiee 8000 +12000 M/C. 

Pa3pa6aTbiBaeMbie 3P# nojiyrajiH Ha3BaHHe HMnyjibCHbix ajieicrpoHHO- 
AeTOHauHOHHbix paiceTHbix flBHrarejie» (H3#PA). 3TO Ha3BaHHe oTpamaer OCHOBHOH 

nponecc npeBpameHHH paGonero Te.na (PT) B BbicoKOTeMnepaTypHyio njia3My na 4>pOHTe 
CBepx3ByKOBoro pacnpocTpaHeHH« <])a30Boro nepexoaa. 

B   HCCJieAyeMOM  flBHrarejie  npn  Manbix  aneprHax  pa3pHfla  oöecneHHBaercjj 
BblCOKHH ypOBeHb HMnyjIbCHOH MOmHOCTH B pa3pJWe. IlO CpaBHeHHK) C TpaflHHHOHHblMH 
HMnyjibCHHMH njia3MeHHbiMH «BHraTejMMH peajiH3yK)TCH npeHMymecTBa MexaHH3MOB 
njia3MOo6pa30BaHH3 H ycKopeHHa njia3Mbi, conyrcTByioiijHx aaHHOMy rany pa3pj«a. 

CymecTBeHHbiM npeHMymecTBOM H3flPA aBjiaerca HacroTHO-HMnyjibCHHH 
peacHM pa6oTbi (c HacroTOH w 100 Tu H 6ojiee) c B03MoatHOCTbio npaicraHecKH 
MrHOBeHHoro Ha6opa H c6poca Tarn. Bjiaroaapa STOH OCOGCHHOCTH oßjiacTb 
34>4)eKTHBHoro npHMeHeHM Jjy m 6a3e H3#Pfl MO5KCT 6biTb pacmnpeHa npaicraHecKH 
Ha Bee Kjiaccbi 3aflan, npeflCTaBjmiomHX HanGojibinHH HHrepec äJIH pa3pa6oxHHKOB MKA: 

noÄÄepacaHHe reocTauHOHapHbix KA B HanpaBjieHHH ceBep-ior B TeieHHe 10+15 

jier; 
KOMneHcaHH« aspoflHHaMHHecKoro conpoTHBjieHHH MKA,  oGpamatomnxcfl Ha 

HH3KHX OKOJi03eMHbix op6HTax (300 KM) B TeneHne 5+7 Jier; 
CMeHa opÖHTbi; 
TOHHbie ManeBpbi H ynpaBJieuHe opHeHTauHefi; 
noAAep^caHHe 3a«aHHOH TOHHQCTH nocrpoeHH» Meacop6HTajibHbix rpynnnpOBOK 

Majibix MKA; 
yBO« OTpa6oTaBiiiHX HJIH OTKa3aBiiiHx MKA c FCO. 

K).H.BepniHHHH, E.r.JlapnH, B.A.HeKpacoB, F.<&.Pem 



XapaicrepHCTHKH jiynuiHx MOflenbHbix o6pa3HOB H3JJPJI, Ha cospeMeHHOM 3Tane 
paöoT npeACTaBjieHbi B xa6ji. 1. 

TaOJinua 1 

JV° n/n HaHMeHOBEHHe napaMerpoB Paöonee Tejio 
<|>ToponjiacT 4 4)ToponjiacT 40 

1. EflHHHHHblfi HMnyjIfaC TflrH, He 3,2 • 10-5 2,2 • 10-5 

2. 3neprHa B HMinyjibce, JJ^a 1,0 1,0 
3. Pacxofl PT 3a HMnyjibc, Kr 1 • io-9 0,8 • 10"9 

4. YÄejibHbiH HMnyjibc Tarn, M/C 32 • 103 26 • 103 

5. THTOBMH YHJ\ 0,51 0,41 
6. LJeHa Tara, BT/H 3,13 • 104 4,5 • 104 

7. ^aCTOTa BKJIIOHeHHH, ru. <100 <100 

YACJibHwe xapaKrepHCTHKH H3#P# HMCIOT pe3epBbi B yjiynnieHMH, B OCHOBHOM 

3a CHCT: 

OnTHMH3aiJHH KOHCTpyKUHH pa3paflHOH KaMCpbi; 
HCnOJIb30BaHHH      KOMII03HUHOHHbIX      PT,       MaKCHMaJIbHO      yflOBJieTBOpaiOmHX 

ocoGeHHOCTHM sneTpoHHO-fleTOHaijHOHHoro nponecca; 
noBbiineHHH 3HeprerHHecKHx xapaicrepHCTHK HMnyjibCKbix HCTOHHHKQB 

3JieicrponHTaHHH. 
TexHHHecKaa peajiH3yeiviocTb <J)H3HHecKoro nponecca npHMeHnrejibHO K co3,ijaHHio 

KDflPfl BO MHoroM onpe#ejiaerca xapaicrepHCTHKaMH BbicoKOBOJibTHbix HCTOHHHKOB 

nHTaHHa. B KanecTBe HHX Hcnojib3yK)Tca HaHOceKyHAHbie renepaTopbi HMnyjibcoB 
HanpsDKemra (FHH) THiia PAJJAH c nacTOTOH #o HecKOJibKHx repn H rana CM Ha 6a3e 
TBepAOTejibHbix nojiynpoBOflHHKOBbix npepbiBaTejieii pa3pa6oTKH H3<D YpO PAH c 
peryjinpyeMofi nacroTOH oieflOBaHHa HMnyjibcoB l-rl000 Tu, H pecypcoM 107 • 1011 

HMnyjibcoB. XapaicrepHCTHKH cymecTByiomHx jia6opaTopHbix o6pa3HOB FHH, a Taoce 
co3flaßaeMoro B Hacroamee Bpenia o6pa3ua FHH, 6jiH3Koro K jieraoMy Bapnamy, 
npHBeACHbi B Ta6ji. 2. 

Ta6jiHua 2 

N° n/n HaHMeHOBaHHe napaMerpoB PAflAH CM IlepcneKTHBHbiH 
rHH 

1. HanpHMceHHe HMnyjibca, KB 150-300 100+250 180 
2. /JjiirrejibHOCTb HMnyjibca, HC 2+5 20+40 10 
3. Snepraa B HMnyjibce, ßx. 1+3 0,4+0,8 5 
4. HacTOTa cjie^OBanHH 

HMnyjibcoB, Fn 
1+25 1+1000 100 

5. Pecypc, HMn. 107+168 109 
1011 

6. KHfl 0,3+0,6 0,3+0,5 0,5 
7. Macca, Kr 10+28 50 15 

IlpH OAHHaKOBOM cyMMapHOM HMnyjibce Macca H neHa Tara HDflPfl o^KHßaiOTca 
3HaHHTejibHO MeHbuie no BejiHHHHe, newi B HMnyjibCKbix 3P# 3po3HOHHoro THna, npn 
3T0M 6yaeT MeHbine Ha nopa^oK BejiHHHHa e#HHHHHoro HMnyjibca. npn paöore B 

nacTOTHOM pesKHMe Ha ypoBHe 100 FH c nepcneKTHBHWM reHepaTopoM, HMeiomHM 
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3HeprHK> B HMnyjibce 5 flat, ceKyHHHUö cyMMapHbril HMnyjibC H3flPfl cxaHOBHTCü 
COH3M6PHMHM no BejiHHHHe c TflroH cxamioHapHoro nnasMeimoro ÄBHraTejM CIIfl-35. 

OflHHM H3 OCHOBHblX HaiipaBJieHHH pa60T no COSAaHHKD H3flPfl H ÄBHraTCJIbHblX 
Moayjien Ha ero ocHOBe miraen» pai3Pa6oxKa CHCTCMH noAanH (CII) xBepÄo4)a3Horo 
(rana <J>xoponjiacx-4) paobnero xejia B paspaAHbift npoMeacyxoic. B HTore noncKOBbix 
pa6ox 6bin cosAaH H ycnefflHO HcnbrraH MOAeJibHbifi oöpaseij Bapnama CHCxeMbi noAanH 
uiameK xBepAo4>a3Horo PT B sony paspaAHoro npoMeacyxKa H36bixoHHbiM ÄaBjieHHeM 
xexHOJiorHHecKoro rasa ox aBXOHOMHofi nHeBMOCHcreMM. OyHKUHOHHpoBaHHe CHCTCMH 

HHeBMonoflaHH B aßxoMaxHHecKOM peiKHMe oöecneHHBaexca BKjnoHeimeM H 

BbiKJnoneHHeM ynpaBjBoomero ajieiopoKJianaHa, ycxaHOBJieHHoro Ha BbixoAe rasoBoro 
pecHBepa B saBHCHMOCxn ox BejraraHHH AaBJieHiw B HOJIOCXH no« inauiKOH no KOMaHaaM 
ox cHraaraisaxopa aaiHieinra. B CMäHH HcnbrraHHH HaxoAHxca nHeBMoyaeji KOMMyxanHH 
paspjiflHOH KaMepbi MHorowiMepHoro H3flPfl c renepaxopoM HMnyjibcoB c 
B03MO>KHOCxbio aBXOMaxHHecicoro ynpaBjieHHH KOJIHHCCXBOM H onepeflHOCXbio woiKweHHs 

pa3p JWHHX KaMep. 
HsroxoBjieHHe aeMOHCxpanHOHHoro o6pa3na H3flPfl H flV na ero OCHOBC 

njiaHHpyexca B 2000 roay. 
fly c HSflPfl M05KCT 34)4)eKXHBHO Hcnonb30BaxbCH nnx noAAepacaHH« MKA B 

xoHKe CXOHHHH Ha TCO. BMecxe c xeM cjie^yex oxMexHXb, mo npHMeHeHHe fly n& 6ase 
H3flPfl B KanecxBe pa3roHHoro 6jiOKa npn cymecroyiomeM orpaHHneHHH MomHoexn 
HCxoHHHKa 3HeprHH (no 3 KBX) xpeöyex upoBeAeHHe pa6ox no onxHMHsanHH napaMexpoB 
H3flPfl H fly. OacHAaeMbie noBbiineirae xaroBoro KITfl fly flo 50 % H HcnojibSOBaHHe 
KOMnosHHHOHHbix pa6oHHX xeji c noBbiraeHHbiM BMXOAOM Maccw 3a HMnyjibC nosBOJiax 
yMeHbinHXb 3Hepronoxpe6jieHHe fly no xpe6yeMofi BejiHHHHbi H noAHHXb ypowia rani. 
B Hacxoamee BpeMs BO3MO3KHO coBMecxHoe Hcnojib30BaHHe B o6beflHHeHHOH fly 

cxanHOHapHbix HMnyjibCHbix H3flPfl. 

AHajiH3 HMdomeroca 3aAejia no npoeKXHpoßaHHio H oxpaGoxKe no3BOJiaex 
CAejiaxb saKjnoneHHe, HXO fly MKA fl33 Moacex 6bixb cosAaHa sa 2 roAa. 

flBHraxejibHbie   ycxaHOBKH   MKA   KOCMHH6CKOH   CBJBH,   yKOMnjieicxoBaHHbie 
CepHHHblMH CXanHOHapHblMH 3Pfl AJIH KOppeKUHH H ABHraxeJWMH Ha MOHOXOnJIHBe AJW 

cxa6HJiH3anHH, Moryx 6bixb co3AaHbi xaxxce B xeneHHe 2-x Jiex. 
CjieAyex cHHxaxb uejiecoo6pa3HbiM npoAOJiaceHne pa6ox no co3AaHHK) 

nepcneKXHBHbix fly Ha OCHOBC H3flPfl. 
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(PP) for the projects of Earth remote sensing (ERS)'launched by 
NPQ Mashinostroyenia as well as space communication based upon 

space vehicles (SSV) injected into operational orbits by the' 
le.   The   results   are   pr< 

propellant motors of low thrust (MET) of 3 N thrust and PP units 
;SV ERS  " 

(ERM) of stationary plasma engine and engine with anodic layer 
type for space communication SSV. The report presents results of 
Scientific Research Institute of Machine Building work on creating 
impulse electronic-  knock  motors EKM (IEKM) and its potential 

;ts    of    SSV    for    FJ 

PP to ensure flight control of SSV ERS in a near Eartl 
which uses the liquid propellant LTM as actuators of control 

i>nai 

Y.N.'Vershinin, E.G.Larin, B.A.. Nekrasov G.F.Resh 



SSV PP for Earth remote sensing 

PP with the pressurized propellant feed is construct© 

_._ter of stabilization LTMs (6 pieces). Propellant component; 
amyl, heptyl. Propulsive mass of pressunzation system 

»tal thrust impulse is about 1,2 • 105 "T'^ 
To ensure the given reliability 

developments. At first that is LTM of 2?9 N thrust as well ; 
(electrical/pneumatic valve) and reducer. The senes-produ 
component LTM of 2,9 N thrust is being designed for the first time 
based  upon the  experience  of Scientific  Research  '—♦»**  «f 

Machine Building in developing LTM of 0,1 - IN thru; 

working process arrangement schemes in combustion chamber (CC) 
using self-igniting propellant components^ amyl, heptyl. 

The analysis of experimental-technical surveys showc 

impulse was 2520...2880 m/sec within the range of prop 
component ratio Km - (1,4...2,3) and input pressure from 
105upto20-105Pä; 
for the motors with vortex chamber it is possible to ensur 

status, 
is high 

"bx^ 

cific thrust impulse is achieved as 2160...2750 m/sec within 
'•   'Cm = (l,3...2,2)"*J 
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To   feed   components   into 
electrical valves No. 12PT.200.00 were 

«ALMAZ», «MIR» space stations PPs 
The EPV is designed based upoi 

of Machine Building experience gain 
LTM electrical valve design at the operational pressure of 1 

valves of double action in an integrated mixing head of LT 
c 

up to 350 • 105 Pa. The LTM was designated as 40MBCK 2C 

operated electrical valve No. PT 200.00 as a part of LTM. 

isive mass 
propulsive mass pressure, Pa )5 

21% 

produced reducers for flight vehicles of different purposes. Proved 

e oi tne propulsive mass 
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Technical specifications of reducer- 

9   -"" 
350°105-3(M05 

(22±3)-105Pa 
27+? 

PPa, 

5 

ssure    1,5 • 10"3 

J 

of  view   to   use   PP   with   ERI 

a _ 
mass to a"geostationary orbit is shown using the «STRELA» launch 
vehicle, additional solid propellant booster and SSV PP with EP * " 

In this case PP with ERM which ensures the control o 
centre of masses motion and its maintenance in the parking position 
in a geostationary orbit also serves 

ERM of 40 • 1Q-3N thrust designed by «Fake!» Experimental 
The total impulse of PP thrust is 1,3 • 106 N-s. 

To control SSV motion with respect to centre, of masses^ in 
phase and geostationary orbit an additional stabilization 

engine is supposed to be used along with the K10 series-produced 
monopropellant (hydrazine) motors of 100 N thrust also designed by 
«Fakel» Experimental Design Bureau „ The total impulse of thrust is 

from the onboard power source (solar panels) during SSV injection and 

Y.N. Vershinin, E.G.Larin, B.A. Nekrasov G.F.Resh 



pettier with the Inst 
Russian 

le El 
ulse 

se power source. Ui 
known impulse ERM in the proposed engine: 

in the phase ot charge 

duration (5-10 nsec); 

sec wnereas 
available «end»- type E 

berless motor) - not 

The ERM designed 

propulsive mass (PM) into, a high temperature plasma in the front of 

In the engine surveyed the high level of impulse power 
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The significant advantage of IEKI 
(at frequency up to 

IEKRM could be ex; 
;re§ SV designers: 

f geostationary 
g 10-15 years; 

Sr.No. 

7. 

description of parameters 

Specific impulse of thrust, N-s 
Energy in impulse, J 
Propulsive mass flow per 
imt 
Specific impulse of thrust 
mn/sec  ■ 
Propulsive efficiency 
Thrust value, Wt/N 
Frequency of starting, Hz 

Table 1 

Propulsive mass 
PTFE-4 

V5 

1 V9 

32 • I03 

3,13 

PTFE-4 

2,2- IP"5 

1,0 

0,41 

Y.N. Vershinin, E.G.Larin, B.A. Nekrasov G.F.Resh 



3 

5S, 

Technical feasibility of the physical process for making 
I is mainly determined by characteristics of high voltag 

i7 - 1011 impulses. Characteristics 
models as well as that being de: 

rsion are given in Ts 

150-300 100-■ 250 1 
Impulse duration, nsec        2-5 20-40 1 
Energy in impulse, J           1-3 0,4 -0,8 5 

1-25   ' 1 - 1000 ' 1 
1A7      IA8 1A9 II All 

c,„»       ")" "i-'       wsc 

At the same total impulse'the mass and   Thrust value of 
IEKRM are expected significantly less than in impulse ERM of 

uring operation in frequency mode at 100 Hz "level. using an 
iced generator with the impulse energy of 5 J the second total 
se of IEKRM becomes comparable with the thrust of the Cllfl- 

One of the main directions in creating IEKRM and propulsion 
I  upon  it  is  development  of the   solid  pfaas 

rethylene-4   (PTFE) type) propulsive mass (PM) su; 
system (SS) into   the discharge gap. Surveys resulted in manufac 

Y.N. Vershinin, E.G.Larin, B.A. Nekrasov G.F.Resh 



grains into the area of discharge gap wi 

supply is ensurec 
on/off of the controlling valve "mounted in the output of gas receiver 

The demonstration model of IEKRM and PP based upon 

that the application of PP based upon 

PP thrust efficiency up to 50% and application of composite propul 

ently u: 
. ^ 

IE 
Ip 
ers 
;atii 

iut per im] 

require 

ible' to use the stationary impulse EKRMs 
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Bbiöop npocKTHbix napaiuieTpoB Majibix KA c 3¥fl,, 3anycicaeMbix PH jierKoro KJiacca 

r.A. IlonoB, r.B. MajibimeB, B. KHM, B.M. KyjibKOB 
rocyAapCTBeHHBIH HayHHO-HCCJieflOBaTeJlbCKHH HHCTHTyT npHKJiaflHOH MexaHHKH H 

3jieiapo,HHHaMHKH MocKOBCKoro aBHauHOHHoro HHCTHTyTa (HHHIIM3 MAH) 
125810, r. MocKBa, BonoKOJiaMCKoe in. 4 

OaKc: (095) 158-0367 

OäHHM H3 HanpaBJieHHH noBbimeHHH 3<|)<f)eKTHBHocTH Majibix KocMHnecKHX annapaTOB 
(KA) HBjiaeTca Hcnojib30BaHHe sjieKTpopeaKTHBHbix ßBHraTejieH (3PJJ) fljia ÄOCTaBKH 
nojie3Hbix rpy30B (Iir) Ha BbicoKne opÖHTbi H MeacnjiaHeTHbie TpaeKTopHH, noAnepacaHHa 
opÖHTajibHbix rpynnnpoBOK cnyTHHKOB CBH3H H ^HCTaHUHOHHoro 30H#HpoBaHHa 3eMJiH (flß3), 
co3#aHHfl peryjiHpyeMoro ypoßna MHKporpaBHTanHH na 6opTy Manwx HH3Koop6HxajibHbix 
KocMHnecKHX annapaTOB. 

BbicoKHH y^ejibHbiH HMnyjibc 3P/J (nopa/nca 20...30 KHc/icr) no3BOJiaex cymecTBeHHo 
noBbiCHTb Maccy nr Majibix KA H oGecnennTb TaKHMH KA BbinoJiHeHHe 3a&m, TpaflHHHOHHO 
pemaeMbix öojibniHMH KA c xHMHqecKHMH ßBHraTejiaMH. 

B Ka^ecTBe oflHoro H3 Han6ojiee nepcneKTHBHbix ranoß 3P/J paccMaTpHBaioTca 
cxannoHapHbie njia3MeHHbie ABHraTejiH (CFIfl), KOTopbie nponuin Ha3eMHbie H neTHbie 
HcnbrraHHa H ycnenrao SKcnjryaTHpyiOTCa B KOCMOce c 1972 ro^a. 

Hoßoe noKOJieHHe Cn/J cpeflHefi MOUJHOCTH no3BOJiaeT peniaTb zajiami 
MeacopÖHTajibHOH TpaHcnoprapoBKH rpy30B, MeacnjiaHeTHbix nepeneTOB H pa# apyrax 3a^an. 

B ÄOKJia^e B KanecTBe npHMepa npHBefleHa KOHCTpyKTHBHaa cxeMa Manoro KA c 3?J\ 
Ana ^ocTaBKH nr Maccofi 100 KF Ha reocTannoHapHyio opGrny. ripn STOM BbiBe/jeHHe KA Ha 
npoMOKyTOtfliyio opÖHTy oöecneHHBaeTca paKeTaMH-HocnrejiaMH JierKoro KJiacca. 

Pa3pa6oTaHHbie KOHuenniiH Marfbix KA c 3P$ no3BOJiaioT oneHHTb HX npeHMymecTBa 
no cpaBHeHHio c TpaßHUHOHHbiMH KocMH^ecKHMH cpe/jcTBaMH H nojiyHHTb npaKTHHecKne 
peKOMeH^anHH no pa3pa6oTKe nepcneKTHBHbix MHCCHH C Hcnojib30BaHHeM Manbix KA. 

IIpoeKTHbie napaMCTPbi 3ajann 

06maa onraMH3anna npoeKTHOH 3aflaHH BKJiioHaeT B ceöa napaMeTpHnecKyio nacTb 
(Bbiöop npoeKTHbix napaMeTpoB) H TpaeKTopHyio nacTb (aHajiH3 cxeM nepeneTa H onpefleneHHe 
TpaeKTopHbix xapaKTepncTHK). 

YHHTbiBaiOTca orpaHH^eHHa no BpeMeHH nepejieTa n HHTerpajibHofi ^03e pa^nauHH. 
OnTHMajibHbie npoeKTHbie peuieHna cooTBeTCTByioT MaKCHMyMy IIH, ßocTaBJiaeMOH Ha 

paöonyio opÖHTy, npH 3a^aHHoft HanajibHoft Macce Ha npoMeacyroHHofi opönre (onpeAenaeMofi 
3HepreTHHeCKHMH B03MOa(HOCTaMH cpe#CTB BbiBeaeHHa). 

Ha 3Tane aHajiH3a KOMnoHOBO^Hbix cxeM pa3roHHoro 6jioKa c 3Pfl paccMaTpHBaioTca 
BapnaHTbi cxeMHbix penieHHfi c yneTOM orpaHHieHHfi no 30He IIH nofl roJioBHbiM oÖTeKareneM 
PH, raöapHTHbix pa3MepoB CHCTCM H arperaTOB J]y, SHepreranecKOH ycTaHOBKH, 6aKOB c 
paöoHHM TenoM, nH H «p. ' 

^BHraTejiH Manon Tarn H HX npe#CTaBHTejiH THna CYIJJ, TpeöyioT B npoeKTHbix 
HCCJieAOBaHnax     KOMnjieKcnoro     SHeproöajuiHCTHHecKoro     no/pco^a.     OH     CB33aH     c 
HeB03MOaCHOCTbIO    pa3fleJieHHa    BblÖOpa    KOHCTpyKTHBHblX,    3HepreTHHeCKHX    H    peacHMHbix 
napaMeTpoB ÄBHrarejia c ßajuiHCTHHecKHM penieHHeM no TpaeKTopHH. 

PeoKUMHbie napoMempu demamenn: 

• Tara T; 

• cKopocTb HCTeneHHa W; 

• TaroBbrä KUJS, 7]f, 
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• noTpe6jiaeMafl MOIUHOCTB Nthr', 

•  aHOßHoe HanpaaceHHe Us 
• MaccoBbiH pacxo/j paöonero xejia mp 

3aMbiKäK)TCH Ha 3Hepzocucmej\ ly: 

• MomHocTb SHepreTHHecKoi i ycTaHOBKH Npss; 

• yaejibHyio Maccy CB YN\ 

• yßejibHyio Maccy CHCTCMM BTOPHMHOTO nnraHHa ytr, 

• CTeneHb Aerpa,n;aHHH CB B paflHauHOHHbix noacax kd- 
B uejioM, Bee neprawieH awe napaMeTpbi BXOä3T B 6ajinHCTHHecKyio 3aflany, 

onpe/iejifliOEqyio TpaeKTopnio nepenei % nporpaMMy ynpaBJieHHa BeKTopoM rum, cyMMapHHH 
pacxofl paGonero Tejia, OöIHHH pecypc paöoTbi cHereM, BpeMa npeöbißaHHa B paflHaHHOHHbix 
noacax H BOcnpHHHTyio j(03y pazmaim H. flna KOMiuiaHapHtix H HeKOMraiaHapHbix KpyroBbix 
HanajibHbrx H KOHenHbix opönr BO3MO»:F M npn6jffl)KeHHbie sHeproMaccoBbie ouemcH. 

IIpoeKTHaH Moaej H> pa3roHHoro 6jiOKa c 3Pjy 

OCHOBHHE XAPAKTEPMCTMKH 3P£ ' 

OcHOBHbie cooTHomeHHH fljia 3P,Z ; npeflCTaBjiaiOTca CHCTCMOH ypaBHemra : 

• MaccoBbift pacxoa pa6onero Tena: 
mp   = (.ml/ql)Jl/ijm 

• MomHOCTb Ha BxoAe flBHraTe^a: 

fni 'la 

• CKopocTb HCTeneHHa paöonero Tena: 

•  Tara flBHraTejia: 

,  \2qtUd 
T=JiriHj2mii 7dtq, =7«7, m„ 

rue      mi - Macca HOHOB; 

qt - 3apa^ HOHOB; 

Ji - TOK nyHKa HOHOB; 

t]m - MaccoBaa 3(|>4)eKTHBHOCTb, xap aKTeproyiomaa noTepn BCJie^cTBHe HenojraoH 

HOHH3aHHH pa6onero Tena; 
Ud - aHOAHoe HanpaaceHHe; 
r)e - 3HepreTHHecKHH YHR, xapaKi cpH3yiomHH noTepn MOHJHOCTH; 

Tje - noTepH BCJie^CTBHe HeroMoreE  HOCTH H pacxoflHMOcra nyrca HOHOB. 

Oönjaa HJiH TaroBaa 3(jx|)eKTHBHOCT  b: 

tJr   =    : IAA mini c> 

r#e      rjtr - Kllfl BTOPHHHOTO npeo6pa30Ba n yia; 
rjc - K03(J)4)HHHeHT, yqHTbiBaioiUHH r. o TepH 3HeprHH B KOMMyHHKauHax (B Ka6eaax). 

TaroBbiH KUJ\ annpoKCHMHpyeTca 3 aB HCHMOCTBIO: 

eW2 

r^e      W -      CKopocTb HCTeneHHa; 
e, d -   SMnnpHHecKHe K03(|>4>HHHem H C va Cllß K03<|><i»HHHeHTbi npHHHMaiOTca 
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paBHbiMH 6=0.79 H d=U900 M/C). 

Ha pnc. 1 npeflCTaBJieHa TaroBaa 3$<J>eKTHBH0CTb CYiJ\ (annpoKCHMnpyioiuaa KpHBaa H 

3KcnepHMeHTajibHbie flaHHbie ). 

Bbioon onTHMa-nbHbix napaMexpoB H pacqeT 3HeproMaccoBhix xapaicTepHCTHK 

OcHOBHbie npoeKTHbie napaMCTpbi 3?J\ - cKopocTb HcreneHHa W (HJIH yneJibHbifi 
HMnyjibc Isp), Tara T n MomHOCTb sHeproycraHOBKH Npss BbiönpaiOTca Hcxoaa H3 MaKCHMyMa 
ÄOCTaBnaeMOH I1H2'3. 

OriTHMAJlLHAfl CKOPOCTb HCTEHEHHÄ Wopt 

fietn(l + apl) 
W°.=\       \ +d   > 

TRQ      t„ - MOTopHoe BpeMa nepeneTa; 
y- yzjejibHaa Macca snepreTHHecKon ycTaHOBKH, BKjnonaa BTopiraHbra npeo6pa30BaTejib; 
apt- OTHOCHTejibHaa Macca öaica paöonero Tejia. 
Ha pHc.2 noKa3aHa 3aBHCHM0CTb onraMajibHOH CKopocTH HCTeneHHa Wopt OT BpeMeHH 

nepeneTa tn. 

HAHAJIBHOE YCKOPEHHE f0 

Tpe6yeMoe HanajibHoe ycKopeHHe onpeaejiaeTCH RSIX nepeneTa Meagry KpyroBbiMH 
opÖHTaMH4: 

W 
r _   "pi 

Jo ~ 

r 
Vx 

l-exp(-—) 
"opt K 

rne Vx - xapaKTepHCTHHecKaa CKopocTb /uia KOMnnaHapHoro nepeneTa: 

y    =    IM [M 

a AJifl npocTpaHCTBeHHoro, cooTBeTCTBeHno: 

r.-I   r' 0 

\ln2'± + n2i2 

\M 

lnh Wo 

r^e      ju        - rpaBHTannoHHbra napaMCTp 3eMjin; 
ro, rk   - paanyc HanajibHOH H KOHenHOH opönr; 
ik        - H3MeHeHne HaioioHeHna opönTbi. 

TATA 3JIEKTP0PEAKTHBH0r0 ABHTATEJW T 

Tara 3P#: 
T = f0m0, 

rne mo - HanajibHaa Macca annapaTa. 

MOIIJHOCTb 3HEPrETHHECK0H YCTAHOBKH NPSS 

MomHOCTb 3HepreTHHeCK0H yCTaHOBKH 

T.A. nonoB, r.B. ManbimeB, B. KHM, B.M. KyjibKOB 
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ÜpoeKTHaH MaccoBaH Moaejib 

• 

Macca SHeprewrecKOH ycTaHOBKH MPSs BbiHHCJiaeTca no cooTHOineHHio: 

MPSS=rNNPss> 
rae Nm - sjieKTpHHecKaa Monmocrb C3Y B MOMem CTapTa KA c npoMeacyroHHOH OP6HTH. 

B MOMeHT BBixoAa Ha paöonyio opÖHTy aHepreranecKaa ycTaHOBKa flOjraHa 
oöecneHHBaTb Tpeöyeiviyio ajieKTpHnecKyio MomHOCTb «JIH Nthr CUR. CB»3B NPSS H N,hr HMeeT 

BHä: 

ryie      Ti ,r -    Kn^ BTopHHHoro npeo6pa30BaTejia (npnHHMaeTca paBHbiM 0.93); 

rj -     Kos^unnem, yHHTbiBaronnrä noTepn 3HeprHH B KOMMyHHKauHax (B Ka6ejiax); 

npH pacneTax npHHHMaexca r\c = 0.96; 
kd -     K034>4>HUHeHT «erpaflauHH CB (oTHOineHHe MOIHHOCTH CB B MOMCHT Bbixo^a Ha 

pa6o*ryio opÖH-ry K MOIHHOCTH CB B MOMCHT CTapTa c npoMOKyroHHOH op6HTti); 
NSc -   noTpeöJieHHe MOIHHOCTH uiyaceÖHbiMH H apyraMH cHCTeMaMH KA. npH pacneTax 

npHHHMajiocB Nsc = 400 Bm. 

Jjy COCTOHT H3 
Crm, XapaKTepHCTHKH KOTOptlX CHHTaiOTCH H3BeCTHbIMH; 

CHcreMbi ynpaBJieHHa flY; 
CXI! paöonero Tejia; 
CHCTeMbi BTopHHHbix npeo6pa30BaTeaeH; 

•    C06cTBeHH0 KOHCTpyKHHH, OÖ-beflMHaiOmeH KOHCTpyKTHBHO nepeHHCJieHHbie 3JieMeHTbI. 
Macca flBHraTejien BMecTe c CY Mthr paccwrbiBaeTca no noflBOßHMOH K HHM 

SJieKTDHHeCKOH MOIHHOCTH: 
Mlhl.=ylhrNlhr. 

Macca BTOPHHHBIX npeo6pa30BaTCJieH Mlr paccHHTbreaeTca no npeoGpajyeMOH HMH 

sjieKTpnqecKOH MOIHHOCTH: 

Mlr = . 

Macca CXI1 Mtmk paccwbiBaeTca no Macce paöonero Tena «BHraTejieH Mx: 

Mlank = Mxapl. 

Macca KOHCTpyKHHH Jjy Mstr paccwrbiBaeTca no cyMMe Macc ABHrareneH, 

npeo6pa30BaTejia H 3anojmeHHoro 6aKa c paöoHHM TenoM um 3VR. 

Ms, = yslr(Mlhr + Mlr + Mx(l + apl)). 

ripn HHCJieHHOM aHajiH3e npHHHMaioTca cjieflyioiHHe 3HaneHHa yÄejibHbix xapaKTepHeraic: 
ylhr =2.5Kz/KBm, y„ = 5 Ka/xBrn, ystr =0.15, apt =0.2. 

Macca Bcefi ffy MPU paccMaTpraaeTca KaK cyMMa Macc ee OTflejibHbix sneMenroB: 
Mni = Mlhr + Mlr + Mmk + Mstr. 

OTflejibHo paccMaTpHBaioTca cocTaBnaioHHie Maccbi KA, KOTopbie npHHnnnHajibHo Moryr 

6biTb Hcnojib30BaHH npn 4>ynKHHOHHpoBaHHH KA Ha TCO: 
• Macca CHCTeMbi ynpaBjieHHa ABH»ceHHeM KA Mcontr. 

• Macca cjiyKeÖHbix CHCTCM Mserv. 

TA. IIonoB, r.B. MaJibimeB, B. KHM, B.M. KyjibKOB 



•  Macca KOHCTpyKUHH KA Mstr. 

CyMMa 3THX Mace M% npn pacneTax npHHHMaeTCH paBHofi 435 KB. 

BajiaHc Mace KA c 3?J\ onpe^ejifleTca cjie^yiomHM cooTHoineHHeM 
Mo = Mrss + MPU +MZ + MX + Mpl, 

r^e M , - Macca I1H. 

B Ta6ji.l npHBe^eHbi ocHOBHbie TexHHHecKHe xapaKTepncTHKH Manoro KA c 3PJ\ /pis 
^ocTaBKH nojie3Horo rpy3Ka Maccon 100 KZ Ha reocTauHOHapHyio opönry. 

TaÖJiHija 1 

Ha^ajibHaa Macca, Kr 350 
Macca nojie3Horo rpy3a, BbiBO/jHMoro Ha reocTauHOHapHyio op6HTy, KT 100 
MomHOCTb sHepreTHHecKofi ycTaHOBicn, KBT -3.5 
YAejibHtiH HMnyjibc #BHraTejibHOH ycTaHOBKH, KM/C 16-30 
3anac xapaKTepHCTHHecKofi CKopocra, KM/C ~6 

BbiBe^eHHe oSecneHHBaeTca PH jierKoro Kjiacca. OGIUHH BH/J Manoro KA e 3PJS, noKa3aH 
Ha pnc.4. 

r.A. rionoB, r.B. MajibimeB, B. KHM, B.M, KyjibKOB 
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Small Spacecraft With Electrical Thrusters Design Parameters Selection Launched by 
Light Launch Vehicles 

G.A. Popov, G.V. Malyshev, V. Kim, V.M. Kulkov 
Research Institute of Applied Mechanics and Electrodynamics 

of the Moscow Aviation Institute (RIAME MAI) 
4 Volokolamskoye sh., Moscow, 125810, 

Fax:(095)158 0367 

One of directions of small spacecraft (SC) efficiency increase is the usage of electrical 
thrusters for SC delivery into high orbits and interplanetary trajectories, communication and 
Earth remote sensing spacecraft orbital constellation maintenance, creation of an adjustable 
microgravitation level onboard of small low-orbit spacecraft. 

The high specific impulse of electrical thrusters (of order 20 ... 30 kN sec/kg) allows to 
increase essentially the small SC payload mass and to solve a problems traditionally solved by 
large spacecraft with chemical engines. 

As one of the most perspective electrical thruster types are considered the stationary 
plasma thrusters (SPT) which have passed ground and flight tests and successfully used in space 
since 1972. 

SPT new generation of main power allows to realize the payload interorbital 
transportation, interplanetary flights and number of other missions. 

SPT small SC design layout for 100 kg payload mass delivery into a geostationary orbit is 
represented in a report. It is supposed that SC insertion into an intermediate orbit is provided 
with light launch vehicles. 

The developed concepts on the SC scheme allow to evaluate their advantages in 
comparison with a traditional space means and to receive the practical recommendations for 
development of perspective missions with usage of small SC. 

Problem Design Parameters 

General optimization design problem scheme includes a parametric part (design 
parameter choice) and a trajectory part (transfer trajectory scheme analysis and trajectory 
characteristic calculations). 

The transfer time and integral radiation doze limits are taken into account. 
Optimal design solution corresponds to maximal PL mass to operational orbit with given 

initial mass into intermediate orbit (determined by transportation system power possibility). 
Structure option with taken into account the PL zone limitation under the LV nose 

fairing, EPE, PSS and SDS dimensions on design scheme analysis stage of ET booster were 
considered. 

Thrusters and SPT-type thrusters, in particular, need a complex energy-ballistic analysis 
method in investigation. It is connected with impossibility to separate the choose of thruster 
structure, power and mode parameters and ballistic trajectory analysis. 

Thruster mode parameters: 
• Thrust T; 
• Discharge Velocity W\ 
• Thrust Efficiency rjf, 
• Thruster Input Power Nthr; 
• Anode Voltage Ud; 
• Mass Flow Rate 

mP 
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are connected with power-and-mass parameters: 
• PSS Electric Power AW 
• PSS Specific Mass M 
• Secondary Converter Specific Mass ftr, 
• SP Degeneration Level in Radiation Belts kd. 
All listed parameters are included into ballistic problem defining the following 

parameters: transfer trajectory, thrust vector control program, total working medium flow, the 
main system lifetime, radiation belt interaction time and the total radiation doze received. It is 
possible to use approximate mass-energy estimations for coplanar and non-coplanar circular 
initial and final orbits. 

ETPU Booster Design Mathematical Model 

ET GENERAL PERFORMANCE " { 
ET general relations are represented by the following equation system : 

•  working medium mass flow rate: 

thruster input power: 

• working medium discharge velocity: 
W =rjmT]j2qiUJ/mi 

• ET thrust: 
, \2qtUd . 

T = Jir]j2mlUci /q, = M^—"V 

where mt is ion mass; 
qt is ion charge; 
Ji is ion beam current; 
T]m is mass efficiency characterizing losses due to not complete working medium 

ionization; 
Ud -   anode voltage; 
T]e   -    power efficiency characterizing power losses; 
rjB -    losses due to non-homogeneity and ion beam divergence. 
Total or thrust efficiency: 

Vr ^n.WmVtrVo 
where r)tr is secondary converter efficiency; 

T]c is losses coefficient of cables. 
Thrust efficiency is approximated by following formula: 

eW2        • 

where Wis discharge velocity; 
e, d are empirical coefficients (for SPT the coefficients are supposed to be e=0.79 and 

d=11900m/sec). 
SPT thrust efficiency (approximate curve and experimental dates ) are given in fig. 1. 

G.A. Popov, G.V. Malyshev, V. Kim, V.M. Kulkov 



Optimal Parameters Selection and Mass-Energy Characteristics Calculation 

The ET main parameters: discharge velocity W (or specific impulse /», ), thrust T, and 
PSS electric power Npss are selected on the base of PL mass maximum criteria. 

OPTIMAL DISCHARGE VELOCITY Wc opt 

2ef, 1 + 
W„ 

ap) 
opt + d2 

where /„ is active thrust time; 
/is PSS specific mass including the secondary converter; 
apt is working medium tank relative mass. 
The optimal discharge velocity Wopt valuation from active thrust time is given on fig.2. 

INITIAL ACCELERATION/o 

The desired initial acceleration for flight between circular orbits is calculated4: 

/o 
W„ opt 

l-exp(———) 
W„ opt 

where Vx is characteristic velocity for coplanar transfer: 

and for non-coplanar one: 

lln2^ 2 -2 
+ 7t lk   , 

vx = 
ln$- 

E 
K\r„ 

1^ 
<rkJ 

where // is Earth gravitational parameter; 
ro, r/c are initial and final orbit radii; 
ik is orbit inclination change. 

ET THRUST T 

ET thrust is 

where mo is SC initial mass. 

PSS POWER NPSS 

PSS power is 

T = f„m0, 

TW 

"     2«r 
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Mass Design Model 

Thus, PSS Mpss is calculated as follows: 
"^ PSS = 7N^ PSS ■> 

where 
NPSS   is SPSS electrical power at SC launching moment in the intermediate orbit. 

At the operation orbit entering moment the PSS should provide SPT required electrical 
power Nthr. The relation of Npss and Na,r is as follows: 

where 
r/lhl.      is the secondary transducer efficiency (equal 0.93); 
TJC       is power losses in cables factor. In calculations it is assumed to be rjc =0.96; 
kd       is a SP degeneration factor (the relation of battery power at the insertion into the 
operation orbit moment and battery power at the launching moment from the intermediate orbit); 
NSc     is SC service and other system power consumption (Nsc - 400 W). 

The propulsion unit consists of 
• SPT which characteristics are considered as known; 
• propulsion unit control system; 
• working medium (xenon) SDS; 
• secondary transducer system; 
• propulsion unit construction proper integrating the listed construction elements. 

Two mass model approaches to the propulsion unit have been realized. In the first 
approach thruster mass is calculated on the basis of particular thruster mass values. For example, 
M-200 thruster of 7.75 kW input electrical power mass including its control system is about 19 
kg. In this case it is necessary to analyze required thruster quantity according to their lifetime and 
redundancy. It is more correct for the present investigation phase accept to relative mass concept 
(as well as for PSS), thruster's mass together with their control systems being calculated on the 
base of input electrical power: 

M fa — Ythr N thr 

Secondary transducer mass is calculated by their transforming electrical power: 
, r Y tr^ Ihr 

Propellant SDS mass is calculated on working medium (xenon) mass Mx: 
Mlank = Mxapt 

Propulsion unit structure mass (Mstr) is calculated on the sum of thruster's mass, transducer 
and tanks filled with working medium for ET: 

Mstr = riJ^M,,,, + M„ + Mx(\ + apl)) 

At numerical analysis following specific characteristic values have been accepted: 
ythr =2.5kg/kW, ylr =5kg/kW, Ynr =0.15, apl =0.2. 

Propulsion unit mass Mpu is considered to be the sum of its separate elements: 
MPU = M,„, + Mlr + Mlank + Mslr 

SC element masses are considered separately. The following mass can be used in SC 
operation in GEO: 

• SC motion control system Mcontr. 
• SC service system mass Mserv. 

G.A. Popov, G.V. Malyshev, V. Kim, V.M. Kulkov 



•  SC structure mass Mstr. 
These mass sum (M£) equals 435 kg at calculations. 
SC with ET mass balance is determined by the following: 

K = Mm + Mlhr + MZ + MX + Mpl 

where Mpl is PL mass. 

Major performance of the ET SC from insertion 100 kgs PL mass into the GEO are given 
in table 1. 

Table 1 
Initial Mass, kgs 350 
Payload Mass to GEO, kgs 100 
Power Supply, kW -3.5 
Propulsion Unit Specific Impulse, km/sec 16-30 
Characteristic Velocity Margin, km/sec ~6 

Insertion organized by light launch vehicle. ET SC general view is presented on fig.4. 
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1 - Electrical Thruster 
2 - Working Medium Tank 
3 - Solar Panel 
4 - Antenna 

Fig. 3 
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Fig. 4 
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PaccMarpHBaioTCfl BO3MO>KHOCTH H nyra yBejiHHeHHfl epOKOB aKTHBHO- 
ro cymecTBOBaHHfl (CAC) Majiwx cnyTHHKOB. 

CpoKH aKTHBHoro cymecTBOBafflra KocMEraecKHX annapaTOB (HJIH Bpe- 
MH HX JKH3HH Ha Op6HTe) HBJIÄIOTCH OflHOH H3 OCHQBHblX XapaKTepHCTHK 
H3flejIHH KOCMHHeCKOH TeXHHKH,  OnpeflejIflPOmeH HX TeXHHHeCKHH ypoBeHb 
H TexHHKo-SKOHOMKraecKyio a4)(peKTHBHOCTb. Ilo 3TOMy noKa3aTejiio poc- 
CHHCKHC KocMEraecKHe annapaTti flo CHX nop ycrynaioT jiyqiiiuM 3apy6ex- 
HbiM aHanoraM. BcjieflCTBHe HeaocraTOHHO BMCOKHX CAC KA, a Taicace He- 
Koropbix ÄpyrHX noKasaTejieii TexHiraecKoro poBHH äJIH peHierora npaK- 
THHecKHX 3aa;aH Mbi BbiHyagieHbi 6MJIH #o He#aBHero BpeMeHH 3anycKaTb 
3Ha^iHTejibHO 6ojibiuee HHCJIO KA, HCM apyrne cipaHM. OßHaKO 3a nocneji- 
HH6 roflbi no H3BecTHbiM npHMHHaM (pHHaHcoBO-aKOHOMHraecKoro H COHH- 

ajibHo-nojiHTEraecKoro xapaKTepa KOJIHHCCTBO exero^HO 3anycKaeMbix KA 
pe3Ko coKpaTHJiocb - npHMepHo B flBa pa3a no cpaBHCHHio c KOHnoM 80-bix 
roflOB, xoTü HacTiPiHO Taicoe coKpameHne onpe^ejiaeTca n #ocTHrHyrbiM 
yBejinqeHneM cpaKTiwecKHx CAC KA, H 6ojiee pauMOHajibHon CTpaTeraen 
3KcnjiyaTanHH Haxo^amnxcH Ha opSnre annapaTOB, H Sojiee nojiHMM HC- 

nojib30BaHHeM Bcex HX pecypcoB. B CBU3H C STHM flanbHenniee yBejiHHeHHe 
cpoKOB aKTHBHoro cymecTBOBaHHfl KA paccMaTpHBaeTca KaK maBHoe Ha- 
npaBJieHHe noBWineHHH scpcpeKTHBHOCTH KocMHraecKOH TexHHKH H KaK o^Ha 
H3 BaxcHeiiniHX 3ajipH, CTOHIUHX nepe^ POCCHHCKOH KOCMMHCCKOH npoMbiin- 
JieHHOCTbK) B COBpeMeHHblX yCJIOBHHX. 

YBCJiKraeHHe cpoKOB aKTHBHoro cymecTBOBaHH» KA OKa3MBaeT MHO- 

ronjiaHOBOe   BJIHflHHe   Ha  3(p(peKTHBHOCTb  KOCMHMeCKOH  TeXHHKH:   3a   CHeT 
3Toro oÖecneHHBaeTca pocT B03Mo>KHOCTeH peajiH3anHH KocMiraecKOH npo- 
rpaMMW, pe3yjIbTaTHBHOCTH npiIMeHeHHH KOCMHqeCKOH TeXHHKH, 3KOHO- 
MHHeCKOH   H   SKOJIOrHqeCKOH   ee   3Cp(peKTHBHOCTH   KOHKypeHTOCnOCOÖHOCTH 
KOCMHHecKHX cpe^cTB Ha BHyrpeHHeM H MHPOBOM pbiHKax, OcymecTBJieHHe 
nepcneKTHBHbix npoetcroB co3,n;aHH« cHCTeM CBH3H, TejieBemaHira, Haöjno- 
fleHHa 3a noBepxHocTbio 3eMJiH, HaBHrannn, cpeflCTB oipaöoTKH TexHOJio- 
THH npoH3BOflCTBa MaTepHajioB B KOCMoce, HccjieflOBaHHe KOCMHqecKoro 
npocTpaHCTBa H He6ecHbix T&FI, pa3BepTHBaHHe opÖHTajibHbix rpynnnpoBOK 
HOBbix KocMHHecKHX CHCTeM  H nozmep)KaHHe  HX pa6oTocnoco6HocTH  c 
yqeTOM     OrpaHHHCHHblX     B03MO)KHOCTeH     npOH3B03CTBa     KA     H     paKeT- 
HOCHTejien H TeMiioB HX sanycKa B03MoacHbi TOJibKO npH ycjioBHH cyme- 
cTBeHHoro yjiyHHieHHfl pecypcHbix xapaicrepHCTHK KOCMiraecKHX annapaTOB 
no cpaBHeHHK) c flocTHrHyTbiM ypoBHeM, a TaioKe, o^HOBpeMeHHO, HX 3Hep- 
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reTHqecKHX H MaccoBbix xapaKTepncTHK. 
npoöjieMa noBbimeHHJi pecypca KA CTajia oÖbeKTOM BHHMaHHfl 3a- 

Ka3MHKa KocMH^ecKOH rexHHKH. npefliipHHTHH npoMHinjieHHocTH H opra- 
HOB rocy^apcTBeHHoro ynpaBjieHH« c Havana ceMHwecOTbix TOäOB. HCXOäH 

H3 pe3yjibTaTOB paöoT pflfla MejKBeflOMCTBeHHbix KOMMCCHH 6WJIH pa3pa6o- 
TaHW iuiaHW MeponpHflTHH no oöecneneHHio yBejnraeHHfl cpoKOB aKTHBHo- 
ro cymecTBOBaHHH HeKOTopwx THöOB KocMHHecKHX annapaTOB, yjiynneHira 
pecypcHbix xapataepHCTHK 3JieKTpopaÄHOH3#ejiHH (3PH) H MaTepHajioB, 
omejibHbix 6opTOBbix CHCTCM KA. 3ro cnoco6cTBOBaiio aKTHBH3anHH pa6oT 
B yKa3aHHOM HanpaBjiemm, B pesyjibTaTe Hero sa^aBaeMbie B TexmraecKOM 
3aflaHira H (paKTiraecKHe CAC KA 6MJIH noBbiiueHbi B cpe#HeM B flBa pa3a 
3a 15 JieT. OffHaKO nojmocTbio jiHKBHflnpoBaTb oTcxaBaHHe oTe^iecTBeHHbix 
KA OT jiyqniHX 3apy6eacHbix aHajioroB flo HacToamero BpeMeHH He y^ajiocb. 

CorjiacHo OeflepajtbHOH KocMiraecKOH nporpaMMe npeaycMaTpHBaeTCu 
3Ha^HTejibHoe (B 2-3 para) yBejiiweHHe cpoKOB aKTHBHoro cymecTBOBaHH* 
nepcneKTHBHbix KA no cpaBHeHHio c HMHeiiiHHM ypoBHeM. TapaHTHpoBaH- 
Hoe o6ecne*ieHHe oroBopeHHbix B nporpaMMe pecypcHbix xapaKTepncTHK 
KA, Heo6xoÄHMoe «JHI ee ycneuiHOH peajiH3annH, - STO cjio>KHaH H Tpyflo- 
eMKa« HayqHo-TexHiraecKafl H opraHH3annoHHaa 3a#aHa, jyin pemeHira KO- 

poH Tpe6yeTCü cHCTeMawiecKaii, uejieHanpaBJieHHaii H cKOOpflHHupoBaH- 
naa aeÄTejibHocTb Bcex yqacTHHKOB pa3pa6oTKH, npoH3BOflCTBa, HcnbrraHHH 
H sKcnjiyaTannn KocMHiecKHX annapaTOB. 

AHajiH3 noKa3aji, HTO noBbimeHne CAC nepcneKTHBHbix Majibix cnyr- 
HHKOB «o yKa3aHHoro ypoBHü B03M0XH0 B pe3yjibTaTe npOBe,o;eHHfl KOM- 

roieKca paöoT no xexmrqecKOMy, opraHH3annoHHOMy H HOpMaTHBHOMy Ha- 
npaBJieHHHM. 

OcHOBHbiMH (pH3HKo-TexHHHecKHMH cpaKTopaMH, onpeflejunomHMH 
ypoBem. CAC Majibix cnyraHKOB B nejioM n pecypcw ero 6opTOBOH annapa- 
Typbi, aBjiÄKyrcii: 

- orpaHHHeHHaa CTOHKOCTB. 3jieKTpopaflHOH3,a;ejraH H MaTepnajioB, HC- 

nojib3yeMbix npn co3flaHHH 6OPTOBOH annaparypbi KA, npH BHeniHeM BO3- 

fleHCTBHH Ha Hero (paKTopoB KocMHHecKoro npocTpaHCTBa (paananHH, Ba- 
KyyMa H arceKTproauHH), aencTBHH COÖCTBCHHOH BHyrpeHHen aTMOccpepbi 

KA HW,; 
- He^ocTaTOHHwe yaejibHbie SHeproMaccoBbie xapaKTepHCTHKH 3PH, 

MaTepHajioB, CHCTCM, npn6opoB, arperaTOB; 
- HeCTa6HJIbHOCTb  CpHSHKO-MeXafflPieCKHX  H  3HepreTHHeCKHX  CBOHCTB 

sjieMeHTOB H MaTepHajioB KA BO BpeMeHH; 
- npoTexaHHe (pH3HKO-XHMHMecKHX nponeccoB (cTapemra, H3HauiHBa- 

HH5i, 3MHCCHH, Koppo3HH H T.n.), npHBOnamnx K nocTeneHHoii flerpaflanHH 
CBOHCTB sjieMeHTOB H MaTepHajioB. 

B nponecce pa3pa6oTKH H ocBoeHira KjnoneBbix TexHOjioraH 
oöecneMeHHfl flJiHTejibHbix cpoKOB aKTHBHoro cymecTBOBaHHH Majibix KOC- 

MHHecKHX annapaTOB npn BbDiBjieHHH Tex HX arceMeHTOB, aocraaceHHe BH- 

COKHX pecypcHbix xapaKTepncTHK KOTOpwx «BJiaeTCH KPHTHHHMM, Heoöxo- 
ÄHMO       yHHTWBaTb       TaiOKe       HayqHO-TeXHHHeCKHe       H       KOHCTpyKTHBHO- 
TeXHOJIOrHHeCKHe   CpaKTOpbl,    CB5I3aHHbie   C   C03flaHH6M,    npOH3BOflCTBOM   H 
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3KciuiyaTamieH KAH,B 3Ha*fflTejibHOH Mepe, BJnraiomHe Ha ypoBem> CAC. 
K TaKHM (paKTOpaM, B nepByio o*iepe#b, OTHOCHTCA: 

- HeaocTaTOHHbie Hayrao-TexHiraecKHH 3afleji H oTpa6oTaHHOcn> MeTO- 
ÄOJiorHH cosflaHHM KA fljiHTejibHoro (pyHKnHomipoBaHHfl; 

HecoBepnieHCTBo npHMemieMbix cxeMOTexmreecKHX H KOHCTPYKTHBHO- 

TexHOjiorHHecKHX pemeiniB B iuiaHe oGecneneHiw wiHTejibHbix CAC; 
- orpaHHHemra 6opTOBbix 3anacoB pacxQzryeMbix KOMnoHeHTOB 

(pa6owo Tejia Jjy, CHCTeM oxnajKHemra opHenrauHH H cra6HJiH3amni KA 
H T.fl.) B CBH3H c HeflocTaTOHHbiMH 3HeproMaccora6apHTHbiMH xapaKTepH- 
CTHKaMH 3JieMeHTHOH öasbi, MaTepnajioB, CHCTCM, ysjioß H arperaTOB, a 
TaioKe orpaHHHeHHOH MomHocTbio cpeflCTB BbiBeflemifl; 

He yflOBJieTBopaioD^HH coBpeneHHHM H nepcneKTHBHWM TpeöoBaroiÄM 
ypoBeHb TexHOjiorHH npoH3BOflcraa H HcnuraHHH KocMHHecKoii TCXHHKH, 

KyjibTypw npoH3BO£CTBa (BJinaraie aToro (paKTopa B HacTosmee BpeMa 
3HanHTejibHO ycHJiHBaeTca); 

- ocHameHHoeTb HMeromeÄcH sKcnepHMeHTajibHOH 6a3bi, He aocra- 
TOMHaa fljia npoBeaerara HccjieflOBamrii KOMiuieKCHoro m «ojiroBpeMeHHoro 
B03AeHCTBHH BHeDIHHX SKCriJiyaTaHHOHHblX (paKTOpOB, 

- HecoBepnieHCTBo MeTOAOJioran oneHKH., KOHTpojiH H noflTBepaweHHH 
pecypca sjieMenroB, annapaTypbi H CAC KA B nejioM; 

- oTcyrcTBHe anpoönpoBaHHbix MeTOflHK ycKopeHHWX pecypcHbix nc- 
nbiTamrii annapaTOB w* noflTBepxaemra CAC 7-10 H 6ojiee JICT. 

TexHHqecKoe HanpaBJieHHe pa6oT no yBejiiraeHHio CAC Majiwx cnyr- 
HHKOB cBE3aHO c BbipaöoTKOH H peajiH3aimeH nporpeccHBHbix npoeKTHo- 
KOHCipvicropcKHX a npoH3BOACTBeHHO-TexHOJioriwecKHX peinemiH 6opTO- 
Bbix CHCTeM, npHÖopoB, arperaTOB H annapaTa B nejioM, coBepnieHCTBOBa- 
HHeM TexHiwecKoro ypoBHfl sjieKTpopajiHOHSflejiHH H MaTepHajioB, 
yjiyqmeHHeM pecypcHbix xapaicrepHCTHK KJHoneBbix, Hanßojiee KpHTiWHbix B 

3TOM oTHOiueHHH 6opTOBbix CHCTeM H npHÖopoB (B nepByio oqepeflb, nejie- 
BOH aniiaparypbi,  cncieM sHepronnraHira opneHranHH,  cTaÖHJiHsaHHH H 

ÄP-) 
KjiioHeBbie TexHOjioran,  ocBoeHHe KOTopwx nosBOjiaeT yBejiiMHBaTb 

CAC nepcneKTHBHbix Majibix cnyTHHKOB pasjivnnhix THHOB W TpeöyeMwx 
3HaneHHH, onpe^ejiaioTCH He cTOjibKo ranaMH annapaTOB, cKOJibKo ypoBHeM 
paSBHTHfl flaHHblX TeXHOJIOraft eflHHCTBOM npHHUHHOB CpyHKnHOHHpOBaHHH 
KjnoHeBbix ajieMeHTOB KA, o6mHocTbK> (pnsHKo-xHMiwecKHX npoueccoB, 
npHBOjranmx K oTKasaM ero 6opTOBbix CHCTCM. C STOH TOHKH spemra npaK- 
TiwecKH Bee GopTOBbie CHCTCMU, arperaTbi H ycTanoBKH KA Moryr 6biTb 
KJiaccH(pHHHpoBaHbi cjie/iyiomHM o6pa30M: 

- onTiraecKHe (onTHKO-MexamraecKHe) cncTeMw; 
- sjietcrpoMexamraecKHe CHCTCMW; 
- paflHosjieKTpoHHbie CHCTCMH  (B TOM HHCjie 6opTOBbie nncppoBbie 

BbWHCjiHTejibHbie ManiHHbi); 
- THÄpoMexaniraecKHe cncTeMbi; 
- 3jieKTpo3HepreTHHecKHe cncTeMbi; 
- flBHraTejibHbie ycTanoBKH; 
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- MexaHmecKHe CHCTCMM H KOHCTpyKHHH. 
Bo Bcex THnax nepeHHCjieHHbix CHCTCM, arperaxoB H ycTaHOBOK HMe- 

K)Tca cooTBeTCTByiomHe KpHTHHHwe no pecypcy H cpoKaM cjryacÖbi aneK- 
Tpopaji;HOH3ÄejiHH, KOMimeKryioinHe aneMeHTbi, KOHCTpyiaiHOHHbie H 

cpyHKHHOHajibHbie MaTepnajibi. 
B03M05KHOCTH  nOBblllieHHJI  CAC  nepcneKTHBHOH   KA  CBÜ3aHW   C   HC- 

nojib30BaHHeM cjieayioiUHX KJiKweBbix TexHOjiorHii. 

3jieKTpopaflHOH3flejiH5i, KOMruieKTyiomHe ajieMeHTbi: 
- pa3pa6oTKa aneMeHTOB HOBoro noKojiemra, 6a3Hpyioiii;HXCii Ha HOBHX 

<pH3fraecKHX H TexHOJiorHraecKHX npHHnnnax, o6ecneHHBaKHUHX AJiHTejib- 
HMH pecypc, B TOM MHCjie ajieMCHTOB annapaTypw HerepMeTHHHoro ncnoji- 
HeHHH (Hcnojib30BaHHe TBepflOTejibHoft TexHOjioraH, co3^aHHe ajieMeHTHOH 
6a3bi ZUM peTpaHcjianaoHHHX KOMnjieKcoB MHjiJiHMeTpoBoro ^ana30Ha 
mum BOJiH, pa3pa6oTKa CTOHKHX BbicoKOTeMnepaTypHbix flaraHKOB (pH- 
3KqecKHX BejiHraHH H pp.); 

- o6ecne*ieHHe paananHOHHOH CTOHKOCTH aneMemHOH 6a3bi nyTeM 
pa3pa60TKH     paflHaaHOHHO-CTOHKHX     3PH,     BHeflpeHHJI     KOHCTpyKTHBHO- 
TexHOJioriwecKHX pemeHHH no HX 3amnTe OT BHemmix B03«eHCTBytoin,HX 
(paKTOpoB; 

- oTÖpaKOBoqHbie HcnbrraHHS 3PH, HX ÄHaraocTiwecKHH Hepa3py- 
UiaiomHH KOHTpOJIb B cnenHajiH3HpoBaHHbix HCnWTaTeJIbHWX TeXHHMeCKHX 
ueHTpax; 

- sKcruiyaTanHJi 3JieMeHTOB B oojieraemioM pexHMe (no Harpy3KaM H 

napaMeipaM oKpyacaiomeH Cpeflbi), co3flaHHe KOMxpopTHbix ycjioBHH HX 

npnivieHeHHii. 

MaTepnajiw H noKpurna: 
- pa3pa6oTKa HOBWX MarepHajioB,  coxparonomHX <pyHKnHOHajibHbie 

XapaKTCpHCTHKH B yCJIOBHJIX B03Ä6HCTBHH Ha HHX (paKTOpOB KOCMHHeCKOrO 
npocTpaHCTBa H co6cxBeHHon aTMoc<pepbi KA (TepMoperyjinpyromnx no- 
KpbiTHH co cTa6njibHbiMH xapaKTepncTHKaMH; HOBoro KJiacca pe3HH, Bbico- 
KOTeMnepaTypHbix TBepßbix CMa30HHbix noKpbiTHH; HOBbix MarepHajioB msL 
co3flaHHa nepcneKTHBHbix <pOT03JieKTpHqecKHX n TepMoajieKTpHiecKHX 
npeo6pa30BaTejieii Ha ocHOBe CJIOJKHMX nojiynpoBOflHHKOB; HOBbix BH/IOB 

nOpHCTMX H BOJIOKHHCTWX MaTepHaJIOB SJieKTpOflHWX 9JieMeHTOB XH- 
MHHeCKHX HCTOHHHKOB TOKa H T.fl.); 

- pa3pa6oTKa cTa6njiH3HpyiouiHX floöaBOK, o6ecneHHBaiomHX coxpaHe- 
HHe CBOHCTB TOIUIHB flBHI aTejIbHblX ycTaHOBOK KA B TeieHHe flJIHTejIbHOrO 
BpeMenn; 

- co3flaHne  cTeHflOB  flji«  KOMnjieKCHoro  Hccjie^oBamra   H  oneHKH 
CTOHKOCTH MaTepHaJIOB H nOKpblTHH npH flJIHTeJIbHOM B03fleHCTBHH Ha HHX 
(paKTOpOB KocMH'iecKoro npocTpaecTBa. 

OnTHKo-MexaHHTeKHe CHCTCMH: 

- pa3pa6oTKa   paßHanHOHHO-CTOHKHX   peBepCHBHblX   HOCHTejieH   H3o6- 
paxeHHH c BMCOKHM pa3pemeHHeM H noBbiineHHbiM pecypcoM; 
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C03flaHHe yCTpOHCTB CHHTblBaHHH HHCpOpMaHHH C peBepCHBHblX HOCH- 
Te/ie H cHCTeM oöpaöoTKH (cacaTHfl), HaKoiuieHna H nepe^aHH HHCpopMauHH 
no paaHOKaHajiy 

- pa3pa6oTKa CHCTeM OHHCTKH H BOccraHOBjieHH« onTHHecKHX noBepx- 
HOCTeH  (3TO KaCaeTCM H OIITEWeCKHX SJieMeHTOB OnTHKO-SJieKTpOHHblX CH- 
CTeM). 

OnTHKo-ajieKTpoHHbie cHcreMbi, Bxonfliime B cocTaB cpeacTB rHÄpo- 
MeTeopojiormLecKoro H reofle3iwecKoro oSecneHemra, a Tarace CHCTCM 

ynpaBjieHHa flBHDKeiraeM, opneHTanHH H CTaOHJiroauHH npaKTiraecKH Bcex 
TnnoB KA: 

npHMeHCHHe        cnennajibHbix        urapoKOCpopMaTHbix        cpo- 
To^yBCTBHTejibHbix MaTpHii;; 

- C03ÄaHHe   OnTHKO-aJieKTpOHHblX   CHCTeM   C   6e3HHepHHOHHbIM   3JieK- 
TpoHHbiM nepeHau,ejiHBaHHeM; 

paspa6oTKa 6e3pacxoflHbix KpHoreHHbix ycTpoiicTB oxjiaacfleHH» anna- 
paTypw c 3aMKHyrbiM HHKJIOM; 

- co3^aHHe 6ecnpHBOflHbix nrapoKonojibHbix aaT^HKOB opneHTauHH 
KA; 

- ycraHOBKa npH6opcB opneHTauHH KA B 30Hax, HaHMeHee noflBep- 
aceHHbix B03fleHCTBHK) ero coöcTBeHHoö aTMOccpepw; 

- pa3pa6oTKa 6ecnnaT(popMeHHbix KOMaHflHbix npHÖopOB (jia3epHbix H 

BOJIOKOHHO-OnTHHeCKHX H3MepHTeJieH BeKTOpa yrjIOBOH CKOpOCTH). 

3jieKTpoMexa.HHHecKiie CHCTCMW (npHBOflbi, noBopoTHbie ycTpoHcrat, 
raponpHÖopbi H TVO;.): 

- noBbiuieHHe pecypcHbix xapaKTepHCTHK aneKTpoMexaHHiecKHX ycT- 
poHCTB, ooecne^HBaiomHX cKaHHpoBaHHe H nepeHanejiHBaHHe cneiiannapa- 
Typbi, pa3BopoT aHTeHHax ycTponcTB, noBopoTbi cojiHeHHbix 6aTapen; 

- co3^aHHe H HcnojibsoBaHHe 6ecKOHTaKTHbix ajiejcrpoflBHraTejieH /UIü 

CHCTeM TepMOperyjTHpOBaHHil H IHpOMOTOpOB; 
- - pa3pa6oTKa uiapHKonoflraHnHHKOBbix y3jioB rnpocKonoB co cxeMOH 

no^nHTicH cMa3KOH, a TaKxe rapocKonHHecKHX H3MepHTejien BeKTOpa yrjio- 
BOH CKOPOCTH KA H CHjioBbix rapocKonoB Ha 3jieKTpoMarHHTHOM noßBece; 

- BHe^peHHe 6e3pacxoflHbix MarHHTHbix CHCTCM cöpoca KHHeTHHecKoro 
MOMeHTa, HMeiomHX fljiHTenbHwii pecypc. 

Pa,n;H03jieKTpoHHaii annapaTypa: 
- pa3pa6oTKa npneMO-nepeflaiomeH annaparypbi c fljiHTejibHWM pecyp- 

COM; 

- pa3pa6oTKa TBepflOTejibHbix ycHjiHTejien MOIHHOCTH B anana30He OT 

0.5 Ao 60 TTu; 
- C03flaHHe BblCOKOpecypCHWX H BbICOKOCTaÖHJIbHblX CpeflCTB KOOpflH- 

HaTHO-BpeMeHHoro oOecneqemifl; 
pa3pa6oTKa aHTeHHbix CHCTeM c 6e3HHepHHOHHbiM aneKTpoHHbiM ne- 

peHauejiHBaHHeM; 
- C03flaHHe 6bICTpOfleHCTB}TOIU,HX SJieKTpOHHblX HaKonHTejien HH<J)pO- 
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BOH HHCpOpMaHHH cTararaecKoro THna. 

CncTeMW 3HepronHTaHHH: 
- pa3pa6oTKa H BHeapeHHe paaHanHOHHO-cTOHKHX cojmerabix 6aTapefi 

c HH3KOH cTeneHbio flerpa^auHH H BMCOKHMH ynejibHMMH sHeproMacoBbiMH 

xapaicrepHCTHKaMH; 
- co3flaHHe cojraerabix aHepreraraecKHX ycTaHOBOK c KOHHeHTpaTopa- 

MH COJIHCTMOH SHeprHH-, 
- npHMeHeHHe scpcpeKTHBHbix 3am;HTHbix noicpMTHH cojmerabix 6aTa- 

pen fljra noBbimeHHa HX pa#HauHOHHOH CTOHKOCTH; 

- pa3pa6oTKa <poTonpeo6pa30BaTejieH Ha 6a3e HOBMX nojrynpoBOflHH- 
KOBbix MaTepHajioB (apceHHfla, rajiniw, cpoccpHfla HH^HH, aMopcpHoro KpeM- 

HHfl); 
- Hcnojib30BaHHe xHMEreecKHX HCTOHHHKOB TOKa Ha ocHOBe nepcneK- 

THBHblX   3JieKTpOXHMHH6CKHX   CHCTeM   (HHKejIb-BOÄOpOfl)   C   nOBbllHeHHblMH 
3HaHeHJWMH eMKOCTH, yflenbHOH anepran H HHCJIOM HHKJIOB "3apüfl-3apiifl"; 

- Hcnojib30BaHHe BHyrpeHHeo anaraocTHKH annapaTypw peryjrapoBa- 

HH5I H KOHTpOJIfl. 

J3,BHraTejibHbie ycraHOBKH: 
- co3flaHHe cTannoHapHbix DJia3MeHHbix flBHrarejieH H ajieKTpopeaK- 

THBHblX flBHraTejIbHblX yCTaHOBOK c jyiHTejibHMM pecypcoM. 
Ha ypoBHe KA B nejioM i, oiyr HcnojiMOBarbCH cjieaytomne KmoHeBHe 

TexHOjiorHH noBbiiueHHa CAC; 
- yBejimeHHe BWCOTM opÖHTbi HH3Koop6HTajibHbix KA,  noBbiiueHHe 

TOHHOCTH     OTpaÖOTKH     KOppeKTHpyiOIIIHX     HMiryjIbCOB,     HTO     npHBOflHT     K 
yMeHbmeHHio pacxpaa 6opTOBbix 3anacoB pa6oHero Tejia; 

- Bbi6op pa6oHHX op6HT, HaHMeHee nooBepxemraix paflHanHOHHMM 

B03ÄeHCTBIMM; 
- MHKpOMHHHaiTOpH3amM   üpHÖOpOB,   y3JIOB,   aiperaTOB,   3JieMeHTHOH 

- npoeKTHpoBaHHe KA c yiexoM ero Hafle>KHOcTH noKasarejien (CAC) 
npn   oöocHOBaHHH    npoeKTHo-6ajiJiHCTHqecKHX   napaMeTpoB,    cxeMOTex- 
HHHeCKHX H KOCTpyKTHBHO-TCXHOJIOnMeCKHX peffleHHH, KOHCTpyKTHBHOH 

H36bITO*fflOCTH; 
- cHKaceHHe KPHTOTHOCTH oiKa30B HeflocTaTorao Haae^KHbix sjieMeH- 

TOB Ha OCHOBe aHaJIH3a BHflOB H nOCJieflCTBHH B03MO>KHbrX 0TKa30B; 
- Hcn<wib30BaHHe pecypcocöeperaromnx TexHOjioraH, coKpameHHe no 

MHHHMyMa KOjiHMecTBa flBHxymHXCfl ysjioB H flerajieü, npHMeHeHHe 3JieK- 
TpOHHblX   H   SJieKTpOMexaHHHeCKHX   yCTpOHCTB   BMeCTO   MexaHHHeCKHX,   HC- 
nojibsoBaHHe TenrioBbix Tpy6 B cncTeMe TepMoperyjinpoBaHira, nmpo6jioKOB 

Ha ocHOBe yjibTpasByKOBbix HacocoB, 6ecKOHTaKTHbix sjieKTpoÄBHraTejieö, 

ra30- H raapOAHHaMH^ecKHX onop B raponpHÖopax H T.ä«; 

- o6ecneneHHe CTOHKOCTH 6OPTOBOH annaparypw npn fljrarenbHOM 
B03ÄencTBHH Ha nee (paKTopoB KocMH^ecKoro npocTpaHCTBa (npHMeHeHHe 
paanauHOHHo-cTOHKOH sjieMeHTHofi 6a3bi H MaTepnajioB, ycTaHOBKa nac- 

CHBHOH 3aiHHTbI, paUHOHanbHa« KOMnOHOBKa H Äp.); 
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- TeopeTHHecKoe H sKcnepHMeHTajibHoe H3yqeHHe MexamöMa B03/j,eH- 
CTBH5I pa3jiEraHbix cpaKropoB KOCMHraecKoro npOCTpaHCTBa H HSJiyHeHHH 
pa3Hbix BHflOB Ha 3PH, nojiHMepHbie MaTepnajibi H noKpbrraa; 

- pa3pa6oTKa cxeMOTexHHraecKHX H KOHCTpyKTHBHO-TexHOjioraHecKHX 
peineHHH y3JIOB  H  npHÖOpOB aBTOMaTH3HpOBaHHbIX  CHCTeM  KOHTpOJIH  Tex- 
HEraecKoro COCTOUHHA öopTOBofi annapaTypbi; 

- onpeflejieroie cnocoöoB coxpaHeHHH repMeTiriHocTH KA npH /JJIH- 

TejibHbix CAC (B cnyqae repMeTHHHoro HcnojmeHHa annapaTa B nejioM HJIH 

oTflejibHbix ero OTceKOB) H BbicoicoHyBCTBHTejibHbix M6TOÄOB ee KOHTpojia; 
- HccjieflOBaHHe npo6.neM pa3MepHOH HecTaÖHjibHocTH ßeTajiefi H C6O- 

po^Hbix ejwwm H ee BjiiraHHfl Ha HafleacHocTb H TOMHocTHbie xapaicrepH- 
CTHKH npHÖopoB B nponecce HX HaTypHOH sKcnjiyaTaHHH; 

- pa3pa6oTKa H BHeflpeHHe MCTOAHKH npe#nojieTHOH paflHannoHHOH 
TpeHHpoBKH annapaTypbi c uejibio noBbiineHna ee HaaeacHOCTH B ycjioBHax 
B037J,eHCTBHJI 4>aKTOpOB KOCMHHeCKOrO npocTpaHCTBa. 

OpraHH3au;HOHHoe HanpaBJiemie paöoT CBfl3ano c Heo6xo/iHMocTbio 
noaaepjKaHHü flocTHrayToro ypoBHH HajiejKHOCTH KA B coBpeMeHHbix ycjio- 
BH5IX, coBepmeHCTBOBaHHfl cHCTeMbi oöecneneHHH Ha/jeiKHOCTH KOC- 

MEraecKOH TexHHKM, nopüflKa ee co3flaHHfl H nocTaBOK c yqeTOM Tpeöoßa- 
HHH ÄOCTEcaceHHH fljiHTejibHoro CAC KA, BHeflperoia cepratpHKauHH KOC- 

MEraecKHX annaparoB H HX npoiH3BOflCTBa, urapoKoro npHMeHeraw cxpare- 
raaecKHX annapaTOB H HX npoH3Bo#cTBa, uiHpoKoro iipHMeHeHHa cTpaTernn 
3KcnjiyaTaHHH KA B nojieTe c yqeTOM ero TexHHHecKoro COCTOäHHJI. 

B HHtpopMauHOHHoivi HanpaBJieHHH npejjycMaTpHBaioTCfl co3flaHHe 
6aHKOB ^aHHbix, Heo6xoflHMbix flJiH pemeHHH 3a/j;aHH oÖecneneHHa AJIH- 

TejibHoro pecypca KOCMHMBCKHX annapaTOB (HanpHMep o THnoBbix oTKa3ax 
ÄerpaflaHHOHHoro xapaicrepa, KOHCTpyKTHBHO-TexHOJtonraecKHX penieHHax, 
no3BOjiHioiii;HX floÖHTbca yBejnweHH« pecypca KA, ero KpHraraHbix ajieMeH- 
Tax H np.), a Taioce o6o6meHHe H pacnpocTpaHeHHe onbiTa pa6oT B STOH 

OÖjiaCTH. 

B   3KOHOMH«ieCKOM   HanpaBJieHHH   HeoÖXOaHMO   BHeflpeHHe   MeTOJlOB 
ynpaBJieHHH paGoxaMH, oßecneraBaiomHX SKOHOMiraecKyio 3aHHTepecoBaH- 
HocTb pa3pa6oTHHKOB H H3roTOBHTejieH KocMHHecKHX annapaTOB, a TaKSce 
opraHH3anHH, aKcroiyaTHpyiomHX KocMiwecKyio TexHHKy, B noBbimeHH pe- 
cypcHbix xapaicrepHCTHK KA. 

HopMaTHBHoe HanpaBjieHHe CBa3aHo c pa3pa6oTKofi HOBWX H coßep- 
UieHCTBOBaHHeM    HeHCTByiOmHX   HOpMaTHBHO-TeXHH^ieCKHX   H    CnpaBOHHWX 
ÄOKyMeHTOB no yitasaHHbiM Bbiine HanpaBjieHHHM paöoT. 

C yqeTOM OCO6OH BaacHoera H CJIOJKHOCTH 3a,n;aHH noBbiineHH« pe- 
CypCHHX XapaKTepHCTHK  KOCMHHeCKOH  TeXHHKH,   a  TaiOKe   Heo6x07JHMOCTH 
KoopztHHaHHH npoBOflHMbix B 3TOM HanpaBJieHHH paöoT, Bbipa6oTKH o6oc- 
HOBaHHOH HayHHO-TeXHHHeCKOH nOJIHTHKH  B paCCMaTpHBaeMOH  OÖJiaCTH H 
peKOMeH^anHH o nyrax pemeHHH BbiaBjieHHbix npoöjieM oceHbio 1992r. B 
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- pa3pa6oTKa KA B HerepMeTHHHOM HcnojmeHHH c o6ecne^eHHeM Tpe- 
6yeMoro TeiuioBoro pexHMa 3a c*ieT KOHTaKTHoro H parniainioHHoro Tenjio- 
oÖMeHa; 

- yBejinqeHHe oöbeMOB H yacecTcrceHHe peiKHMOB HcnbrramiH KA äJM 

BbWBJieHiw CKpBiTbix ffe(peKTOB rjiy6HHHoro xapaicrepa. 
Penierano paccMaTpHBaeMoii 3a#aHH cnocoöcTByeT Hcnojib30BaHne 

nporpeccHBHbix TexHOjiorcm H3roTOBJieHjra KA H ranoBbix KOHCTpyicraBHo- 
TexHOJioriraecKHX peuiemiH,  opHeHTHpoBaHHbix Ha yBejiHHemie  CAC.   K 
HHM OTHOCHTC«: 

- nepcneKTHBHbie TexHOjiornn H3roTOBjieHHe TOHHMX 3aroTOBOK, 
cBepxniiacTKHHoro fle(popMHpoBaHHH H flH(p(py3HOHHoro cpanniBamra METC- 

pHanoB; 
- cneuHajibHbie TexHOjioran jia3epHofi öecKOHTaKTHoii ^ecpeKTocKO- 

nHH; 
- aBTOMaTH3amra OCHOBHMX onepainiH TexHOJioranecKHX nponeccoB, 

npHMeHeHHe aBTOMaiTOHpoBaHHoro TexHOJioranecKoro o6opyn;oBaHHfl, ra- 
paHTHpyiomero TpeßyeMoe xa^ecTBO npoH3Bo#cTBa H Kompojui MOHTaacHbix 

paöoT; 
- HCKJiioHeHHe CBapHbix IUBOB B HaH6ojiee HanpHxeHHbix Mecrax KOH- 

CTpyKUHfi; 
0 HOBbie cnocoöbi coHjieHeHHH KOHCTpyKTHBHbix aneMeHTOB, HTO 

oöecneHHBaeT nojiyqemie coeflHHeHHH co cBOHCTBaMH, 6JIH3KHMH K 

cBOHCTBaM ocHOBHoro MaTepHajia. 

Hay^HO-MeTOflHHecKoe HanpaBJieHHe KacaeTca peniemra npoöJieM 
oSecneHemra fljiHTejibHoro <pyHKn,HOHHpoBaHHa KA B KOCMOce: HccjieaoBa- 
HHH npoaoji^KHTejibHoro B03fleiicTBHH Ha annapaT aiccmiyaTaHHOHHbix cpaK- 
TOpOB H BbI3BaHHOH 3THM flerpa#aHHH CBOHCTB erO SJieMeHTOB H MaTepna- 
JIOB on,eHKH H noaTBepxaeHHH pecypca KocMEraecKHX annaparoB, npoBcue- 
HHü HX cneHHajibHbix HcnbrraHHH, Kompojifl H nporHosHpoBaHna pecypca 
KA B nepHOÄ ero op6E[TajibHoro nojieTa. 

OCHOBHWMH MepOnpHflTHKMH B «aHHOM HanpaBJieHHH aBJiaiOTCH: 
- Hccjie^oBaHHH BUHHHHH peajibHbix ycjioBHH 3KcnjiyaTaiiHH KA 

(TeMnepaTypHbix  H   ajieKipiraecKHX  pe>KHMOB,   ÄJinrejibHoro   BOSACHCTBHH 

HOHH3HpyiOmHX  H3JiyieHHH  HH3KOH   HHTeHCHBHOCTH)   H  yCTOIWHBOCTH   ero 
annapaTypbi K C6OHM, o6ycjioBjieHHMM nponeccaMH 3ap*ma ÄHSJieK- 
TpwqecKHX cTpyKTyp; 

- pa3pa6oTKa MeTOflHK pacneTa jioKajibHbix ypoBHen patpianHH c 
yqeTOM peajibHOH KOMHOHOBKH Hs^ejiHü H CHCTCMW; 

- pa3pa6oTKa (protiKO-MaTeMaTiwecKHX Mo^ejieft 3jieKTpH3anHH KA 
jsjix. pac^eTOB KOHKpeTHbix annapaTOB, ziapfflKOBOH annapaiypbi w* onpe- 
flejieHHH napaMexpoB HX sjieKTpHsanHH, MCTCWOB H annapaTypbi wia Hcnbi- 
TaHHH 6opTOBOH annapaiypbi H ICA B nejioM Ha 3JieKTpH3anHOHHyio CTOH- 

KocTb B creHHOBbix ycjiOBH5ix; 
- onpe^ejieHHe rana nporaocTHHecKHX MOflejien, flocTaroHHo nojiHO 

OTpaxaioiimx flerpaflanHOHHbie npoueccbi B annaparype, npHBOflamne K 

noTepe ee pa6oTocnoco6HocTH; 
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cocTaBe HayqHO-TexHHHecKoro coßeTa POCCHHCKOTO KocMiwecKoro 
areHTCTBa (PKA) 6MJI o6pa30BaH coBetno npo6jieMaM yBejimeHH» cpoKOB 
aKTHBHoro cymecxBOBaHHH KocMiriecKHX annapaTOB, noBHineHHH pecypca 
paöoTLi HX CHCTeM H arperaTOB. 3TOT npo6jieMHbiH coBe cpyHKHHOHHpyeT 
Ha 6a3e LJHHH ManiHHocipoeHira. 

^I,e5iTejibHocTi> npo6jieMHoro coBeTa HanejieHa Ha aHajiH3 BO3MOJKHO- 

CTefl yBejiHHeHHa cpoKOB aKTHBHoro cymecTBOBaHira nepcneKTHBHbix H 

3KcnjiyaTHpyeMbix KocMmecKHX annapaTOB, noBbiiiieHHH pecypca pa6oTM 
HX cHcxeM H arperaTOB; onpe#ejieHHe nyreH peinemifl BbiHBJieHHbix npo- 
6jieM H peajTH3aHHH o6ocnoBaHHOH HayHHo-TexHHHecKOH nojiHTHKH B pac- 
cMaTpHBaeMoii oojiacni; 4>°PMHPOBaHHe npefljioxeHHH B <I>e/];epajibHyK) 
KocMEraecKyio nporpaMMy, Kacafomnxcii yBejinqeHHH CAC KA; BHeapeHHe 
HOBenniHX ^ocTHxeHHH nayKH H TexHHKH npH penieHHH nocTaBjieHHbix 
3a#aH; BbipaöoTKy peKOMenzjaHHH no Koop^HHaHHH pa6oT B OTOM HanpaB- 
JieHHH. 

3a 5 jieT c Havana ßejrrejibHocTH coBeTa 6WJIO npoBezjeHO 18 ero 3ace- 
flaHHH, Ha KOTOpwx 6biJiH paccMOTpeHbi HaHÖojiee aicryajibHbie B HacroHmee 
BpeMfl Bonpocw no ynoMSHyroH TeMaTHKe H BbipaSoTaHbi npaKTHHecKHe 
peKOMeHflanHH no HX penieHHK). Cpezni TaKHX BonpocoB - npoöjieMbi H ny- 
TH yBejiHHeHHJi pecypca aJieKTpopaflHOH3flejiHH jym oGecneneHira cpoKOB 
aKTHBHoro cymecTBOBaHHH KocMH^iecKHX annapaTOB flo 10 JieT H KOMnjieK- 
TOBaHHH annaparypbi KA fljiHTenbHoro cpyHKHHOHHpoBaHHfl BbicoKOHaaejK- 
HOH ajieMeHTHOH 6a3on; riyra noBbinieHHH cpoKOB cjiyacÖbi MarepHajioB H 

noKpbiTHH fljia oßecneneHHa CAC KA 7-10 H 6ojiee JieT; HanpaBJieHHfl co- 
BepmeHCTBOBaHHa HopMaTHBHoro oöecnenerara nponecca co3^aHHH, npoH3- 
BOÄCTBa H 3KcroiyaTaHHH KA fljiHTejibHoro cpyHKHHOHHpoBaHH»; pa3pa6oT- 
Ka nporpaMMbi oöecne^eHira 6ojibniHX pecypcoB GopTOBOH annapaTypbi 
(cpezicTB öopTOBoii SHepreTHKH, ÄBHraTejieH MajioH THTH) H OTflejibHbix TH- 

noB KocMHqecKHX annapaTOB (opÖHTajibHbix nnjioTHpyeMbix cTaHUHH, Ka 
ÄHCTaHHHOHHOrO 30HflHpOBaHHÜ 3eMJIH) H flp.. 

EcTb ocHOBaHHH nojiaraTb, mo nejieHanpaBJfieHHbie pa6oTbi no OT- 

MeneHHbiM Bbmie OCHOBHWM HanpaBjieHHSM, KoopflHHHpyeMbie npoöjieM- 
HbiM coBeTOM, Gynyr cnocoöcTBOBaTb peuieHHio BaacHeHiiiHX 3a^aM äOCTH- 

x:eHHH MHpoBoro ypoBHÄ pecypcHbix xapaKTepncTHK H peajiH3anHH Oeae- 
pajibHOH KocMEraecKOH nporpaMMbi. 
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F/yan-kon7Vkonzepz. doc 

OcHOBHbie   HanpaBJieHHH   pa3BHTHH   CHCTeMM 
AHCTaHUHOHHOrO  KOCMHHeCKOrO  06pa30BaHHH  (HKO)  B POCCHH 

B.II. CeHKeBHH, B.n. BoroMOJioB, 3.M. ÜHyjieBHH, 
K.A. IIo6eflOHOcqeB, MaH^pe« <&. 

141070, r. KopojieB, MocKOBCKaa o6jiacrb, yji. ITHOHepcKaa, AOM 4 

HcTopHHecKaa pojib POCCHH B craHOBjieHHH H pa3BHTHH TeoperHHecKOH H npn- 
KJiaAHOH KOCMOHaBTHKH npH3HaHa BO BCöM MHpe. 3anycK nepBoro HCKyccTBeHHoro 
cnyTHHKa, nepBbin noneT ne^oBeKa B KOCMOC, sKcnjiyaTauHH yHHKajibHbix aBTOMara- 
necKHX KOCMHnecKHx KOMnjieKCOB, coaflaHHe H AjiHTejibHa» 3KcnjiyaTauHH opönrajib- 
Hbix craHUHH, a Taoce ycneniHaa peajiH3auHH MHorHx Apyrnx paKerobix H KOCMHHB- 

CKHX nporpaMM OTKpbiBaioT uiHpoKwe nepcneKTHBbi nepeA HejioBenecTBOM He TOJibKO B 

nuaHe OCBOCHHA KOCMHnecKoro npocrpaHCTBa H ncnojiwoBaHHa KOCMHHCCKOH Aea- 
TejibHOCTH B HHTepecax HejioBenecTBa, HO H B njiaHe OBJiaAeHH« nejiOBeKOM KOCMHHC- 

CKHM MHp0B033peHneM, noHHMaHHCM oTBeTCTBeHHOCTH nejioBeKa nepeA o6meCTBOM, 

nepeA OKpyacaiomeH cpeAon, nepeA SyAyiAHMH noKOJieHHHMH. 
KoCMOHaBTHKa HHHHHHpyeT UIHpOKHH CneKTp (J)yHAaMeHTajIbHbIX H npHKJiaA- 

Hbix HccjieAOBaHHH, a Tanace HCCJieAOBaHHa rjro6ajibHbix HanpaBJieHHH SBOJIIOHHH UH- 

BHjiH3anHH, nocTpoeHHH MOAejien pa3BHTH« oyaymero lejiOBenecTBa H oKpyacaiomeH 
cpeAbi, HacjieAOBaHHa nyrefi pa3BHTHM sHepreraHecKHx H HH<|)opMaHHOHHbix CHCTCM. 

3THM ona o6ecneHHBaeT nporpeccHBHoe pa3BHTHe HayHHo-rexHHHecKoro noTeHunajia 

oGmecTBa. 
HacTOHiAHH 3Tan pa3BHTHa paKeTHO-KOCMHHecKOH TexHHKH xapaKTepH3yeTca 

Tpe6oBa.HHHMH pe3Koro noBbimeHH» HayHHO-TexHHHecKoro ypoBH* H KOHRypenrocno- 
coÖHOCTH pa3pa6oTOK, coBepraeHCTBOBaHH« opraHroauHH H ynpaBJieHHH HOBMMH pa3- 
pa6oTKaMH, BHeApeHHH MCTOAOB, o6ecneHHBaiomHX 3HaHHxejibHoe noBbiuieHne nejie- 
BOH H 3KOHOMHHeCKOH 3<Jx|)eKTHBH0CTH. PaCIUHpHIOmeeca MOKAyHapOAHOe COTpyAHH- 
necTBO H KOHTpaKTbi c 3apy6e^cHbiMH CTpaHaMH, TpeöyioiAHe cnenH<J)HHHOH noAroTOB- 

KH H nepenoAroTOBKH KaApoB. 
C Apyrofi cTopoHbi, HeAOCTaTOHHbie KOMnereHTHOCTb HacejieHHH crpaHbi B BO- 

npOCaX, CBH3aHHbIX C TeOpeTHHeCKHMH OCHOBaMH H npaKTHHeCKHMH npHJIOaceHH^MH 
KOCMOHaBTHKH,  a TaK>Ke HH^OpMHpOBaHHOCTb HacejieHHfl  CTpaHbi O  AOCTH5KeHH3X  H 
njiaHax opraHH3auHfi paKeTHO-KOCMHHecKOH OTpacjiH He TOJibKO He cnoco6cTByiOT 
npHTOKy MOJIOAöäH Ha npeAnpHaTHa, HO H BbBbiBaiOT y HeKOTopwx coMHeroie B Hejie- 
coo6pa3HOCTH KOCMHnecKOH AeHTejibHOCTH B POCCHH. 

KocMHHecKoe o6pa30BaHHe (KO) — STO UIHPOKHH cneicrp BOcnnraTejibHo- 
o6pa30BaTejibHOH AeHTejibHOCTH, o6ecneHHBaiomeH nojiyneuHe 3HaHHfi, HeoöxoAHMbix 
AJifl oco3HaHHs pom H MecTa nejiOBeKa B OCBOCHHH KOCMOca, B3aHMOCBa3H Me«Ay 
3CMHHMH H KOCMHHeCKHMH aBJieHHHMH, nOHHMaHHH 3HaH6HHK H pOJIH KOCMHHCCKHX 
HCCJieAOBaHHH H npaKTHHeCKOH KOCMOHaBTHKH B JKH3HH HejioBenecTBa, npaicrHHecKoro 
HCnOJIb30BaHHH AOCTH^CeHHH KOCMOHaBTHKH B pa3JIHHHbIX o6jiaCTHX HayKH H 3KOHO- 
MHKH, OBJiaAeHHfl npO(J>eCCHflMH KOCMHHeCKOrO npO(})HJia, BbipaÖOTKH pa3yMHOH nOJlH- 

THKH B OÖJiaCTH KOCMHHeCKOH ACHTeJIbHOCTH. 
B nocjieAHHe TOAH B MHPOBOM coo6mecrBe Bee 6ojibinee nproHaHHe nojiynaeT 

AHCTaHHHOHHoe KocMHHecKoe o6pa30BaHHe (#KO), 0CHOBaHHoe Ha pacnpocTpaHeHHH 
HOBeHUIHX 3HaHHH C HCnOJIKJOBaHHeM CBH3HWX CnyTHHKOB  H Ha3eMHbIX KOMnblOTep- 
Hbix CHCTeM. B cooTBeTCTBHH c AOKyMeHTaMH OOH 6ojibiuoe 3HaneHHe yAejiHeTca, B 
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nacTHOCTH, o6pa30BaHHio no Bonpocaiw KOCMOca, KOCMnnecKHx, aTOMHbix, KOMnbio- 
TepHbix H ^pyrHx coBpeMeHHbix TexHOJiorafi. B HaynHbix ijempax, yHHBepcHTeTax, 
unconax CTpaH AMepHKH, Eßponbi, Ä3HH, A(|)PHKH HacHHTbiBaerca CBbime 400 opraHH- 
3auHH, peajiH3yiomHx flKO H TeneKOHCpepeHnHH B HHTepecax npot^opHeHTauHH MO- 

JIOAOKH, CTyfleHTOB H cneunajiHCTOB, nepeno^roTOBKH Ka^pOB B o6jiacTH KocMOHaB-ra- 
KH. 

flajibHeHinee ycneuiHoe pa3BHTHe oTeHecTBeHHofi KOCMOHaBTHKH 3aBHCHT He 
TOJIbKO OT BOnpOCOB (JWHaHCHpOBaHHH, HO H BO MHOTOM OnpeflejiaeTCH CBOeBpeMeHHO- 
CTbK) noflroTOBKH Ka^poB, opraHH3aqKeH paHHefi npoc|)opHeHTauHH MOJIOAC^CH H BH- 

nojiHeHHeM KBajiHCpHHHpoBaHHOH nepenoflroTOBKH cnennajiHCTOB «JIH npe^npHflTHH 
PKA. 

TaKHM oSpaiOM, KOCMHnecKoe o6pa30BaHne »BjureTCH HeoöparaMbiM npou.ee- 
COM pa3BHTHH HaHHOH&JIbHOH H MHpOBOH CHCTeMbI o6pa30BaHHH, RJ1R OTpaCJIH OCOÖO 
aicryajibHOH HBJIHCTCH ceroAHa pa3pa6oTica KoHuenuHH, a 3aTeM H HauHOHajibHofi npo- 
rpaMMbi KOCMHHecKoro o6pa30BaHHa. Ilpn STOM KOCMHnecKoe o6pa30BaHHe B P<3> yace 
cero^H« AOJDKHO CTaTb BaHCHefiuiHM KOMnoHeHTOM OeAepanbHofi nporpaMMbi o6pa30- 
BaHHH H OeflepajibHofi KOCMHHCCKOH nporpaMMbi. 

HcxoflJi H3 peKOMeH^a:qHH OOH, AHcraHHHOHHbiM KOCMHHecKHM o6pa30BaHneM 
Heo6xoAHMo oxBaTbmaTb AomKOJibHoe H iiiKOjibHoe oGyneHne, Bbicuiee H cpe^Hee Tex- 
HHHecKoe o6pa30BaHne, nocjieBy30BCKoe o6pa30BaHne, BKjHOHaa nepenoAroTOBicy KaA- 
poB H noflroTOBKy icaapoB Bbicuieii KBajincjwKaHHH. B POCCHH B caMbin KpaTHaniuHH 
cpoK flOJiacHbi 6biTb c^opMHpoBaHbi o6pa30BaTejibHbie nporpaMMbi no KOCMOHaBTHice, 
npHHeM KaK äJIH OTpacjin, TaK H RJIX mnpoKHx cjioeB HacejieHH» CTpaHbi. 3TH npo- 
rpaMMbi yace HOCHT He orpacjieBOH, a oomerocyAapcTBeHHWH HauHOHajibHbiH xapaic- 
Tep. 

AicryajibHbiMH nm KOCMHHecKoro o6pa30BaHHa HBJMHDTCH Bonpocw npaBOBoro 
H MaTepHajibHoro oöecneneHHa HanHOHajibHofi nporpaMMbi KOCMHHecKoro o6pa30Ba- 
HHJI. 

ITo nopyneHHio PKA COBMCCTHO C MHHo6pa30BaHHH H MwHHayKH B cTpaHe 
npOBOAHTCH paGoTbi no opraHH3auHH AHCTaHnnoHHoro KOCMHHecKoro o6pa30BaHH« 
fljia Bcex B03pacTHbix rpynn Hacejiennsi. 

B PKA c 1996 rofla pa3BepHyra KOMnjieKCHaa HHP "3BPHKA" 
"HccjieAOBaHHe nyren cosflanna B FOCCHHCKOH OeAepauHH cncTeMbi AHcraHUHOHHOro 
KOCMHHecKoro o6pa30BaHna B HHTepecax PKA H apyrnx OTpacjien HapOAHoro xo3flß- 
CTBa C HCnOJIb30BaHHeM CHCTeM AHCTaHHHOHHOrO flOCTyna K 3HaHHJIM H HH(J)OpMaHH- 
OHHbix KOMnbiOTepubix cwcTeM". B xoAe peajiH3anHH 3TOH HHP npOBefleH aHanH3 co- 
CToaHHsi H onpeAejieHHe ocHOBHbix HanpaBjieHHH peajiH3annH ,flKO B P<&, pa3pa6oTa- 
Hbi npeAJio>KeHHS[ no CTpyicrype oömen opraHH3aunoHHO-ynpaB.neHHecKOH CHCTCMH 

,3KO POCCHH H crpaH CHT, ocymecTBjieHbi HCCJieAOBaHHa no BbiSopy o6jiHKa TCXHH- 

HeCKHX CpeACTB /1JCO. 
B npouecce npoBeAenH« KOHicpeTHbix paöoT B oGjiacra ,3KO Ha 6a3e UYII 

ocymecTBjieHbi neperoBopbi c npeACTaBHTejiHMH pyKOBOACTBa aMepHKaHCKoro yneÖHO- 
ro IJeHrpa floyjiHHr KOJUICA^K (npe3HAeHT BHKTOP MecKHJUi), Ha KOTOpbix o6cy>KAa- 
jiacb nporpaMMa oöyneHHJi aMepnicaHCKHX ynamnxca H npenoAaBaTenew B IJHHH- 
MAIII H B IJenrpe cnyraHKOBOH CBH3H OKB M3H "MeABOKbH 03epa". OceHbio 1995 
roAa 6WJI opraHH30BaH TejieMocr Me>KAy I^YII-PKA H BbicTaBOHHbiM KOMnjieKcoM 
"TEJIEKOM-95" B r. ^CeneBa, BO BpeMa KOToporo B CTpaHbi Eßponbi TpaHCjinpOBajiacb 
HH^opMauHH 06 OTenecTBeHHOH KOCMOHaBTHKe H B paMKax KOHBepCHOHHbix pa3pa6o- 
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TOK - O npHOpHTCTHblX AOCTHHCeHHaX pOCCHHCKOH MeAHUHHbl. YHaCTHHKaMH TejieMOC- 
Ta HBjiHjiHCb aKaAeMHK JOB. ryJIMEB, BeAymne cnenHajmcTbi IJHHHMAHI H PKA, 
BHflHbie MeAHUHHCKHe cneqwajiHCTbi, 3aMecTHTejiH AHperropoB OmcojiorHHecKoro 
uem-pa PAMH, HHTO M3 P<J>, HHCTmyra xnpyprHH HM. A.B. BHiimeBCKoro, HMBII, 
a co CTopoHbi KeHCBbi - 22 npeAcraBHTeua 3apy6e>KHbix ijenrpoB H (JmpM. B TeneHHe 
1996+1998 r.r. COTPYAHHKH HHHHMAIII npHHann aKTHBHoe ynacTHe B opraHH3anHH 
H  pa3pa6oTKe yHeÖHO-MeroAHHecKHX MarepHaaoB  RSIH peajiH3auHH  KocMHnecKOH 
OJTHMnHaAbI UIKOJIbHHKOB POCCHH (pyKOBOAHTCnb OJMMnHaAM - A.A. CEPEBPOB). 

IIpeACTaBHTejiH H;HHHMAIII-PKA B TeneHHe 1996-1997 r.r. npniuuiH yna- 
CTHe B pa3pa6oTKe KoHueninin <|)opMHpoBaHHa HH^opMauHOHHoro npocTpaHCTBa 
CHT, yTBep>KAeHHOH ruaBaMH IIpaBHTejibCTB CTpaH CHT. B Hacroamee BpeMa B npo- 
necce noAroroBKH K yraepacAeHHio HaxoAaTca npeAJioaceHKa PKA o co3AaHHH B POC- 

CHH PernoHajibHoro uenrpa AHCTaHHHOHHoro KOCMHHecKoro o6pa30BaHHa crpaH CHT 
noA arHAOH OOH H O MeacrocyAapcTBeHHofi pacnpeAeneHHOH TejieKOMMyHHKauHOH- 
HOH cHCTeMe AHcraHuiHOHHoro MeAHUHHCKoro o6ecneHeHHa HaceueHHa CTpaH CHT, 
KOTopne BKJiioHeHbt B IhiZH peanHsanHH STOH KoHnennHH, noAroTOBjieHHbiH Hcnoji- 
HHTejibHbiM CeKperapHaTOM CHT. 3TH AOKyMeHTbi, pa3pa6oTaHHbie 1JHHHMAIH, 
6bijiH o6cyaweHbi H nojiynHjiH OAoSpeHne Ha paöonefi BCTpene B HYn npeAcraBHTe- 
neü PKA, HHHHMAIII H OKB M3H c HOJIHOMOHHWMH npeAcraBHTejiaMH IOHECKO 

(Aexaöpb 1996 r.). 
B HacToamee BpeMa B paMKax nporpaMMbi ,QKO PKA cneuHajiHCTaMH PKA 

peajiH30BaHa nepßaa onepeAb jioKanbHofi BbiHHCJiHTenbHOH cera, Koropaa noAKjnoneHa 
K pacnpeAejieHHOH TeneKOMMyHHKauHOHHOH ceTH PKA Ha 6a3e BOJIOKOHHO- 

onTHHecKHx JIHHHH CB5I3H (BOJIC) MocKOBCKoro perHOHa. 
B paMKax HHP "3BPHKA" c 1997 roAa Hmara. pa3pa6oTica yne6HO- 

MeTOAHHecKHX MaTepHanoB Ana ynaiAHXca o6meo6pa30BaTe.nbHbix UIKOJI (ßeAymaa op- 
raHH3aHHa - HHHHOO, ocymecrBJiaromaa cennac AHCTaHUHOHHoe o6yneHHe no Ka- 
HanaM TejieBHAeHHa), a xaioKe, noAroTOBKy yne6Hbix nporpaMM no nepcneKTHBHbiM 
HanpaBJieHHaM pa3BHTHa KOCMOHaBTHKH. 

B nacTHOCTH, noAroTOBJieHbi yneÖHbie nporpaMMbi no ocHOBaM nnjiOTHpyeMbix 
KOCMHHeCKHX   nOJICTOB,   HO   AHCTaHHHOHHOMy   30HAHpOBaHHK)   3eMJIH,   KOCMHHeCKHM 
CHcreMaM CBa3H H HaBHranHH, poooTOTexHHnecKHM cHCTeMaM B KOCMOce, no Bonpo- 
CaM HCTOpHH OTeneCTBeHHOH KOCMOHaBTHKH, a TaKÄe B HaCTH COBepmeHCTBOBaHHa 
3HaHHH no 3K0H0MHHeCKHM OCHOBaM OpraHH3aHHH npOH3BOACTBa B CHCTeMe PKA. 

IlpOBeAeHHbie HCCJieAOBaHHa B paMKax HHP "3BPHKA" no aHajiH3y pa3JiHH- 
Hbix TexHHHecKHx cpeACTB /1KO no3BOJiHjiH onpeAeaHTb O6JIHK HaHÖojiee pauHOHaub- 
Hbix cHCTeM oöecneneHHa ,3KO. TejieKOMMyHHKanHOHHaa HHC^opMauHOHHaa cncreMa 
Ha ocHOBe cnyTHHKOBOH CBH3H aBjiaeTca 3<j)<J)eKTHBHbiM cpeACTBOM npeAOcraBjieHHa 
nojib30BaTejiaM ycayr coBpeMeHHoro ypoBHa. 

OneHKa peajibHbix B03MoacHOCTeH BbixoAa HH^opMaHHOHHbix cereH PKA Ha 
ueHTpbi cnyTHHKOBOH CBH3H noKa3ajia, HTO HanSojiee onTHMajibHbiM aBjiaeTca BbixoA 
nepe3 H,yn HHHHMAIII Ha Hemp CnyTHHKOBOH Cßa3H "MeAßeatbH Cbepa". flna 
MoCKBbI  H MOCKOBCKOH  o6jtaCTH  MOJKeT  6bITb  HCnOJIb30BaHa CHCTeMa TeXHHHeCKHX 
cpeACTB flKO Ha 6a3e KOMnbiOTepHOH TCXHHKH HYTIa HHHHMAIII H HTH, Cn H Aen- 
CTByiOmHX Tejie<J)OHHbIX JIHHHH C pa3JIHHHMMH yneÖHblMH 3aBeAeHHaMH. 

npaKTHHecicHH onbiT, nojryneHHbiH npn BbinojiHeHHH 3aAan HanajibHoro 3Tana 
paöoT no JJfiO B nacTH o6ocHOBaHHa nepcneKTHB pa3BHTHa CHCTCMW flKO B HHTepe- 
cax PKA, no3BOJiH.n npncrynHTb K KOHKperabiM MeponpnaTHaM no noAroTOBKe peajin- 
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3aiJHH 3T0H CHCTeMH Ha TeppHTOpHH PO H CTpaH CHT. 
B TeneHHe 1996^-1998 r.r. Hanara 3KcnepHMeHTanbHaa OTpaGoTKa rexHHHecKHX 

cpeflCTB JPCO Ha ocuoBe HH<j)opMauHOHHbix cereH I^yil UpHHMAIII AJIJI npoBeaeHHa 
nepBbix ypoKOB ffK.0 fljia yMe6Hwx 3aBe,zjeHHH r. MOCKBM H OTpa6oTKH HH<J)opMaHH- 
OHHbix icaHajiOB CBH3H c BeflymnMH BY3aMH POCCHH. nojiyneHHbie pe3yjibTaTbi HBJW- 

K)TCH npaKTHHecKOH OCHOBOH ß,m Hanana peanroauHH IIOCTOHHHO fleftcTByioiueH CHC- 

TeMbi flHcraHHHOHHoro KOCMHnecKoro o6pa30BaHH» äJIH HacejieHHH pa3JiHHHbix B03- 
pacTHbix rpynn POCCHHCKOH OeflepaijHH H CTpaH-ynacTHHH CHT. 

K HacTonmeMy BpeiwenH IjpHHMAIII BbinojiHun oneayiomHe pa6oTbi no pea- 
jiH3auHH nporpaMM flKO B HHTepecax PKA: 

IIpeACTaBHTejiHMH PKA H UHHHMAIII pa3pa6oTaHbi npefljiOMceHHH no peajiH- 
3auHH KoHuenuHH (popMHpoBaHHH HH^opMauiHOHHoro npocTpaHCTBa CHT, BKJIIO- 

naioiuHe C03flaHHe B r. MocKBe PeraoHanbHoro LJeirrpa flKO rocyAapcTB-ynacTHHKOB 
CHT nop, arnflOH OOH. 3TH MeponprorrHJi oöcyacfleHbi H o#o6peHbi npeflCTaBHTe.nflMH 
pjuja 3apy6e>KHbix opraHraauHÖ, BKjiiOHaa IOHECKO, H BOIUJIH B IlnaH peajiraanHH 
KoHuenuHH. 

• B UJfflHMAHI H Apyrwx opraHH3anH5ix Hananocb cpopMHpoBaHHe (J)OHÄa 
yneÖHO-MeTOAHHecKHx MaTepnanoB H nporpaMM no BonpocaM KOCMOHaBTHKH. B nacT- 
HOCTH, noÄroTOBjieHbi nepBbie yneÖHbie nporpaMMbi no flHCTaHUHOHHOMy 30HflHpoBa- 
HHK) 3eMJIH, KOCMHTCCKHM CHCTCMaM CBA3H H HaBHraHHH, po60TOTCXHHHeCKHM CHCTe- 
MaM B KOCMOce, no BonpocaM HCTOPHH OTenecTBeHHOH KOCMOHaBTHKH, a Taoce B nac- 
TH  COBepmeHCTBOBaHHH 3HaHHH  no  OCHOBaM  OpraHH3aUHH  npOH3BOflCTBa  B  CHCTeMe 
PKA. 

• B 1997 r. Hanara 3KcnepHMeHTajibHaa OTpaöoTKa TexHHHecKHX cpeflCTB /]KO 
Ha ocHOBe HH(J)opMaHHOHHbix ceTefi Ijyn UPHHMAIH pjm npoBefleHHH nepBbix ypo- 
KOB ,UKO AJIH yneOHbix 3aBeAeHHH r. MocKBbi H o6jiacTH. 

• npoBeaeHa TejieKOHcfjepeHUHH H3 Uyn IJHHHMAIII c r. 3KeHeBa, BO BpeMa 
KOTOpOH B ^ByCTOpOHHeM pe>KHMe TpaHCJTHpOBaJiaCb HH<J)OpMaUH5I no BOnpOCaM KOC- 
MOHaBTHKH H nepe^OBbie KocMHnecKHe, MeAHUHHCKHe H apyrae TexHOJiorHH. 

• 3aBepiuaeTC5i opraHroauHoimoe (J)opMHpoBaHHe yneÖHOH nporpaMMbi "YpoKH 
H3 KOCMOca" (peajiH30BaHO 5 ypoKOB, BAKO "COKW") H ITporpaMMbi "3CMJIH-KOCMOC- 

3eMjia" (npoBefleHO 3 ceaHca flKO no HH^opMauHOHHbiM JIHHHSM I^yil-UpHH- 
MAIII-2 yneÖHbix 3aBeaeHHa r. MOCKBH H B PKA). 

B HacToamee BpeMa nojiHOMacmTaOHaa pea.nH3au.HH nporpaMMbi JJKO caepacH- 
BaeTCH HeAOCTaTOHHbIM 4)HHaHCHpOBaHHeM 3THX paÖOT H, B HaCTHOCTH, OTCyTCTBHeM 
cpeACTB fljiH 3aKynKH coBpeMeHHofi KOMnwoTepHofi TCXHHKH H coBepnieHCTBOBaHHH 
KOMMyHHKaUHOHHblX JIHHHH. 

B. BoroMOJiOB H pp. 
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MaTepHajfw (peayjibTaTbi), npHBOflHMbie B floiaiafle, aBJiaiorca 
o6o6meHneM iipo6neM, oocyamaBiiraxca Ha UpofijieMHOM coBere JVe3 
HayqHO-TexHHiecKoro coBera PKA (npeflceflaToib - aKafleMHK PAH 
H.AAH4)HMOB), H Bbipa6oTaHHi>ix COBCTOM peKOMeHflannn o HanobJiee 
paitHOHajibHHX nyrax o6ecneqeHHa fljiHTejibHbix cpoKOB aKTHBHoro 
cymecTBOBaHHa (CAC) KOCMHIOCKHX amiapaTOB. 

OIILIT o6ecne^eHHa flJiHTejibHbix CAC, HaKomieHHMH 3a nocjieflHHe 
flecflTHJicma, IIO3BOJIHCT ncnojib30BaTb B MajiHX ciiyraMKax Hanßojiee 
mjipmiue npnoopbi H arperarw 6e3 MHoroxparaoro pe3epBHpoBaHHa. 
3HaiiirreJiT>HbiH 3(p<peKT oÖeciieiHBaioT oiKas OT repMerwraoro HciiojmeHHa 
KocMHqecKoro amiapara H HcnojibsoBaHHe naccHBHoi CHCTCMM 

TepMoperyjiHpoBaHHH Ha TeiraoBhix rpy6ax. 
OrtHaKo raKHe pemeHHa npeflbaBJiaioT noBMuiemuxe rpeöoBaHna no 

pecypcy  H  6e30TKa3Hocrn,  no  CTOHKOCTM  K wmiaibuoMy BoameacrBMio 
(paKTOpOB    KOCMMHeCKOIO    IipOCTpaHCTBa,    B    TOM    IHCJie    K    B03AeÜCTBHK) 
raxejibix 3apa)KeHHHX »lac'ran H flJiHTejibHOMy oGjiyieHHio HOHnsnpyioiuMMH 
HKMiyieHHaMH  HH3KOH MHTeHCWBHOCTH,  K B03flCHCTBIÖO MHKpOMCreopHTOB H 
KOCMHraecKoro Mycopa, no o6eciiOTeHHto pa6oTOcnoco6Hocra B BaicyyMe, no 
oöecneneHMK) KOMiuieKryioiBHMH 3JieMenTaMH c npoBefleiiHeM 
OTÖpaKOBOHHbix HciibiTaHHH H flHaraocTBraecKoro Hepa3pyuiaiomero 
KOHTpojia. B pamc cjiyqaeB 3TO IIPHBO^HT K HCOOXO^HMOCTH ncnojibsoBamia 
ajieMeHTHOH 6a3bi H npnöopoB aapyoeamoro nponsBo^cTBa, TIO, B CBOJO 

oiepeflb, TpcÖycr HfleHTH<J)HKamin nx cepTH^HKaioB, rapMoinaaipiH 
ipeßoBaHHH oTeiecTBeHHbix H 3apy6eacHbix ciaHflapioB. 
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In this report some problems are summarised and considered that are 
devoted to the most rational ways of satellites long operational life assurance. 
Experience gained in last decades enables using the most reliable equipment 
in small satellites without any redundancy. However that requires to use im- 
ported elements, identify foreign certificates, and harmonize their and Rus- 
sian standards. 
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IlepCneKTHBbl pa3BHTHfl MajIOH KOCMHHeCKOH TeXHHKH 

B POCCHH   npH HCnOJILSOBaHHH HOBMX TeXHOJIOrHH 

BoflHH B.B., JICBHUKHH K).B. (PKA), JlyKbfliueHKO B.H., 
CeHKeBHH B.n., PaHKynoB r.r.,PeM6e3a A.H. (LJHHHMam) 
Mopo3eHKo A.<I>. 

IIpo6jieMa C03ZWHH« H HCIIOJIb30BaHHH MajIOH KOCMIWeCKOH TeXHH- 

KH 3a nocjieflHHe ronbi nepecTajia 6brn> HOBOH. 

Manaa KocMKraecKaa TexHHKa 6wcTpo pa3BHBaeTca 3a pyöexoM, Ha 

npaKTHKe jxoKSßhmasi acpcpeKTHBHOcTb H uejiecoo6pa3HocTb pemeHH» MHO- 

nax 3a#aH HaöJHoaerara 3eMJiH H iuiaHeT, co3,aaHHH peraoHajibHbix, mo- 

öajibHtix KocMEFiecKHX CHdeM CBH3H, peiueHH« MHorHX Hay^Hbix 3smsm. H 

BbinOJIHeHHH npHKJiaAHHX 3KCnepHMeHTOB. 

ftna POCCHH 3TH 3aRa*m cTOJib JKe aicryajibHW, KaK H äJIM flpyrnx 

CTpaH MHpoBoro cooGmecTBa. 

MHoroHHCjieHHbie npoeKTHbie npopa6oTKH (cM.pHC.1,2,3,4), BMIIOJI- 

HeHHbie BeaymHMH npoeKTHO-KOHCTpyKTOpcKHMH opraHH3auH«MH POC- 

CHH, noflTBepiKflaioT npHHiinnHajibHyio B03MoacHocTb co3flaHHfl Majibix 

KocMHraecKHX annapaTOB H cnyrHHKOBWX CHCTCM ^JW BbmojmeHHH yica- 

3aHHbix Bbiine 3aaan ßaace Ha cymecTByromen H HeMHoro flopa6aTbiBaeMoii 

sjieMeHTHoft 6a3e. 

ripoeKTHO-KOHCTpyKTOpCKHe pa3paÖOTKH HeKOTOpblX KA HaXOAHTCH 

Ha CTaflHHX Ha3eMHbIX aBTOHOMHWX H KOMIIJieKCHblX HdlMTaHHH H mXS 

jieTHbrx HcnwTaHHH, no flpyrHM KA HMeioTca MaKeTbi. 

BMecTe c TeM BbisbiBaer TpeBory H o3a6o*ieHHOCTb TOT (paicr, HTO 

npopa6aTWBaeMbie KA cymecTBeHHo ycTynaioT no CBOHM TexmraecKHM 

xapaKTepHCTHKaM,    Macce, 3HepronoTpe6jieHHK>, cpoKaM aKTHBHoro cy- 
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LUeCTBOBaHHH H, B KOHeHHOM CHCTe, IIO CTOHMOCTH JiyHIUHM 3apy6e)KHbIM 

aHajiorHHHHM o6pa3naM. 

Cjie^OBaTejibHo, OHH He Moryr 6MTI> KOHKypeHTOcnocoÖHbi Ha MH- 

POBOM pbiHKe npoaax KocMiwecKOH TexHHKH H ycjiyr, He cMoryr 6bicrpo 

oKynHTb 3aTpaTbi Ha HX co3flaHHe H aKcmiyaTauHio. 

TaKoe nojioxeHHe B POCCHHCKOH MajioH KOCMEraecKOH TexHHKe 

(MKT) cKJianbiBaeTca B ycjioBHax 6ypHoro pa3BHTHH MKT 3a pyöeacoM. 

PaccMOTpHM HeKOTopwe TexHiwecKHe H nporpaMMHbie acneKTbi pa3- 

BHTIW KOCMKraeCKOH TeXHHKH 3a py6e)KOM H B PoCCHH Ha OCHOBe aHajiH3a 

OTKpwTbix nyßjiHKauHH 3a nocjie^HHe TpH rcyja. 

1. HaygHbie cnyrnHKH. 

• B C.TTTA pa3pa6aTHBaeTca H (HJIH) yace 3anymeHo 6ojiee 20 THnoB 

cnyTHHKOB, HMeromHX cyxyio Maccy OT 200 flo 800 KT, ztra Hccjie- 

aoBaHHH oKojio3eMHoro npocTpaHCTBa, CojTHiia, JlyHbi, iuiaHeT H 

Majibix He6ecHbix Teji (acTeponaoB, KOMCT). 

• PeajiH3yeTCH pw nporpaMM. 3TO -New Millennium- Discavery 

(Med-Lite), Small Explorer H ap. 

• HMeroTCH aaxe MHKpocnyTHHKH Maccofi ~6-15 KT. Majibie Hayq- 

Hbie   CnyTHHKH   C03ÄaK>TCÄ   H   HCnOJIb3yK)TCiI   B   JlnoHHH   (2   rana 

KA), HTUJIHH (4 rana KA), repMaHHH (4 THna KA), IIlBenHH (2 

rana KA), HcnaHHH (2 rana KA), flamm (j ^n KA), ApreHTHHe 

(1 ran KA). OpraHH3anHH CNES npezmaraeT eBponeHCKHM <pHp- 

MaM pa3pa6oTaTb cepnio Majibix HayHHbix cnyTHHKOB Maccofi ao 

500 KT, 
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• flaHHfl, IIlBemw, Wcnawm B OCHOBHOM Hcnojib3yioT MHKpocnyT- 

HHKH MaCCOH ZJO 50 KT. 

• Bcero HMeeTca 48 ranoB 3apy6e)KHbix HayHHbix MKA (npoeKTbi H 

co3ÄaHHbie KA). 

B POCCHH HKH PAH, H3MHPAH, HÜO HM.JIaBoqKHHa npezuia- 

raioT   npoeKTbi   MeaauiaHerabix   MKA   MaccoH   120-150   KT4 

7   r.nyrHWKM Ha6jTIOfleHHff 3eMJlH H3 KOCMOCa. 

• B CUIA HMeioTca nporpaMMbi MPE H EOS (nccjieflOBaHHe rno- 

6aJibHoro H3MeHCHH5i KJiHMaTa H SKOJionra 3eMJiH), a TaiöKe npo- 

rpaMMa SSTI (xexHOJioraHecKaH HHHUHaraBa B o6jiacra Majibix 

cnyTHHKOB) H pun npoeKTOB KA #33, B COOTBeTCTBHH C KOTOpbl- 

MH pa3pa6aTWBaeTCH H (HJIH) Hcnojib3yeTca 18 THnoB Majiwx KA. 

• Majiwe KA co3,a;aioTca TaiOKe B H3panjie (2 rana KA), Kirrae (10 

npoeKTOB KA), HHäHH (4 rana KA), Hcnarara (1 ran KA), Bpa- 

3HJIHH (1 ran KA). ^HJIH H CayaoBCKafl ApaBHfl noKynaioT MHK- 

po- H Majiwe K/SL B AHrjiHH H CIIIA. 

Bcero HMeeTca 36 THTIOB MKA H MHKpo KA. 

Macca arax KA - OT 50 KT «o 500 KT. 

B POCCHH HMeeTca ~10 npoeKTOB MKA HaojnofleHHH 3eMJiH H3 KOC- 

Moca, oflHaKo peuieirae 06 HX pa3pa6oTKe He npHHHMaeTca. 

Macca KA - OT 350 KT flo 1 TOHHH. 

3.  HH3KOOp6HTaJIbHbie cnVTHMKH CBH3H 

•   B  CIIIA pa3pa6aTWBaioTCfl[ H nacraHHo Hcnojib3yioTCfl 4 THna 

HH3KOOp6HTaJlbHbIX   KOCMHHeCKHX   CHCTeM    CBH3H    (HOKC).    3TO 

cHCTeMbi Globalstar, Iridi, Teledesic (LEO-SAT-I), Orbcom c KOC- 



MEraecKHMH aimaparaMH Maccoft OT 39 KT (Orbcom) no 850 KT 

(Teledesic). 

•   B TepMaHHH paapaGaraBaeTCH npoeKT HOKC Safir H KA Tubesat-B 

njw oTpa6oTKH annapaTypbi #33 n CBH3H. 

• Pa3pa6aTbiBaeTCH eBponeifcraa' CHCTCME CB*3H Starsys. Bo QpaHnnn 

pa3Pa6aTbiBaeTCH npoeKT HOKC Sativod-KomcypeHT HOKC Teledesic. 

• B  BpasiwMH  npopaÖaTMBaeTCH  npoeKT  rjioöajibHon  KocMHMecKofi 

CBH3H. 

. MeKCHKa H KHTan HMeioT no o/iHOMy rany Majiwx cnyroHKOB CBHSH. 

HToro 3a py6e*oM cosaaioTca H ncnojibsyioTCH 11 THHOB Majiwx H 

MHKpO-KA CBH3H. 

B POCCHH Pa3BepTWBaeTca HOKC   ToHen ( Macca KA 230 KT) H 

HMeeTca pm npoeKTOB HHSKO- H cpeflHeopÖHTajibHMX KC CBJDH, 

PoccHHCKne KA CBH3H 3HawejibHO ycTynaioT no nponsBo/iHTejib- 

HOCTH 3apy6e>KHbiM. 

j^Manwe cnvTHHKH BoeHHorojLJTBonHoro HasHaqgHHg, 

•  B CIIIA peajiHayiOTCfl 4 nporpaMMbi coaaamw Majibix ciryTHHKOB: 

nporpaMMbi STEP H STP äJIH npoBeaeHiw npnKJiaflHbrx aKcnepn- 

MeHTOB, nporpaMMbi MST1 n SMTS    äJW neuen nPH,  nPO, 

nKO. 

HannonajibHoe pa3BeaynpaBJieHHe MO CIIIA npHHHJio penienne o 

nepexoae na Majibie Pa3BeÄbiBaTejibHbie cnyrHHKH Bcex KKaccoB c Maccon 

B 4-5 pa3 MeHbine cymecTByroiimx TpazwnnoHHbix. 



Bcero no BOCHHMM nporpaMMaM    B CIHA pa3pa6aTbiBaeTCJi n HC- 

nojib3yeTca 6ojiee 25 THOOB MHKpo- H Majibix KA. 

• HecKOJibKo THHOB Majibix KA BoeHHoro H ABOHHOTO Ha3HaneHH5i 

pa3pa6aTWBaioTca H Hcnojib3yioTCfl B H3pamie, OpaHiniH, TepMaHHH, 

KuTae, HnoHHH. 

B POCCHH HMeercH HecKOJibKO npoeicroB MKA BoeHHoro H ABOH- 

Horo Ha3HaHeHH5i, o^HaKo pemeHHa no HX flajibHefinieH pa3pa6oT- 

Ke He npHHHTbi. 

5. C uejibio coKpameHHH   3aTpaT BpeMeHH H cpeflCTB Ha co3flaHwe 

HOBbix  KA 3a  py6e)KOM  innpoKo  Hcnojib3yioTC5i  Majiwe   cnyTHHKOBbie 

rmaTcpopMbi. 

•   B   ClIIA   uiHpoKoe   pacnpocTpaHeHMe   nojiyHHJiH   cnyTHHKOBbie 

iuiaT(popMbi (pHpM CTA , Spectrum Astro, TRW H ap. B AHITIHH H 

TepMaHHH co3AaHbi MHKpocnyTHHKOBbie ruiaT<popMbi äJIH KA Mac- 

COH 50...80 KT. KpoMe Toro, B AHrnHH co3flaHa miaTcpopMa nm 

KA  Maccoft no 250...450 KT. 

• B HTajiHH H OpanuHH opraHH30BaHbi noTOHHbie JIHHHH jyvi MäJibix 

cnyTHHKOB CBH3H Ha 6a3e yHHcpHUHpoBaHHbrx ruiaT<popM. AHajioriWHbie 

pa6oTbi npoH3BozwTCH B Knrae, B opraHH3au.HH CNES, Ha YKpaHHe. 

B POCCHH HMeeTca HecKOJibKO npoeicroB MKA   JT33 H CBH3H Ha 

6a3e yHH(pHHHpoBaHHBix iuiaT<popM, oflHaKO npaKTHHecKyio pea- 

jiH3auHK> Mbi HMeeM no p*my iuiaTcpopM nun TpaÄHUHOHHbix TH- 

xejiwx cnyTHHKOB, pa3pa6oTaHHbix B LJCKB, HTIO UM H pp. 

Bee rojioBHbie pa3pa6oTHHKH KA paccMaTpHBawT BO3MOXHOCTH HC- 

nOJIb30BaHH5I yHHCpHHHpOBaHHblX nJiaTCpOpM, HO TOJIbKO pjw CBOHX KA. 



B Eßpone paöorw no MajiwM cnyrHHKaM Be/iyrcH B" paMKax npo- 

rpaMMbi ASTP (Advanced Systems and Technology Program). 

B KaqecTBe OCHOBHMX HanpasjieHHH pa3BHTiw MKT B Eßpone npn- 

HüTbi: 

rjioöajibHaji CBiOb, 

HaBHranna, 

flHCTaHUHOHHOe 30HanpOBaHHe 3eMJIH H KOCMOCa, 

MeTeopojiorHfl, 

MHKporpaBHTamiu, 

HccjieflOBaTejibCKHe HaynHwe nporpaMMW. 

TaKHM o6pa30M, 3a pyöejKOM peajiH3yK>TC» TinaTejibHO npopa6oTaH- 

Hwe nejieBbie nporpaMMW co3flaHiw MKT, a y Hac 3Ta pa6oTa BefleTca 

pa3o6meHHO, HecKoop/niHHpoBaHHO H noaTOMy HeflccraTOHHO    3(p(beK- 

THBHO. 

3KcnepTH3a npoeKTOB Majiwx KocMHHecKHX annaparoß noKa3biBaeT, 

mo 6e3 Hcnojib30BaHHH HOBenmeH aneMeHTHOH 6a3bi HeB03MOXHo co3- 

#aTb KOHKypeHTOcnoco6Hyio Majiyio KocMHMecKyio TexHHKy. Ilo aneMem- 

HOH 6a3e HptCHO BMXOflHTb Ha MHpOBOH ypOBeHb. (eM. |H!C. 5), 
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Ha Haui Bzrjiw Bbixofl H3 co3^aBmeroc5i nojioxceHHH ecTb. OH 3a- 

loiiOTaeTCfl B 3aBepiueHHH pa3pa6oTOK KJiioHeBbix arceMeHTOB n TexHOJio- 

ran, BHnojiHHeMbix no 3aKa3aM MnHoöopoHbi. Cefinac, B CBä3H C BecbMa 

MajibiM H 3aaep)KHBaeMbiM (piiHaHcnpoBaHHeM, cpoKH 3aBepnieHHH pa3pa- 

60TKH   HOBeHIUHX   SJieMeHTOB   H   yCTpOHCTB   nepeHOCHTCfl   H   HeoÖXOÄHMO 

H3blCKHBaTb B03MO>KHOCTH BCC-TaKH 3aBepiUHTb 3Ty paÖOTy. 

O/maico, yace HMeiomHecji pe3yjibTaTbi noflTBepJKflaioT B03M0)KH0CTb 

yMeHbiiiemw cyxon Maccw H 3HepronoTpe6jieHHü KA no cpaBHeHHK) c 

TpaflHnnoHHbiMH KA B 3-5 paa. (cM.pnc.5) H Ha 20-30% no cpaBHeHHK) c 

3aHBJieHHWMH B nocjiezmee Bpevw B npoeKTax Majibix KOCMHHCCKHX anna- 

paTOB. 

B oTpacjin B paMKax OcaepajibHOH KocMmrecKon nporpaMMbi H flpy- 

rax nporpaMM BbinojinaeTCH "MejKBeflOMCTBeHHaa nejieBa* KOMiuieKCHaa 

nporpaMMa co3flaHHH 6a30Bbix TexHOJioran äBOHHOTO npaMeHemw". B 

xanecTBe pasaejia STOH nporpaMMbi B 1996 TOäV paspaGoTaHa "IJejieBa« 

nporpaMMa co3/raHHH n Hcnojib30BaHHH sjieMeHTHoii 6a3bi B HHTepecax 

nepcneKTHBHOH Majioft KOCMHMCCKOH TexHHKH". B Hee BKJiKweH jinnib 

HeoÖXOÄHMWH   MHHHMyM  flOnOJIHHTeJIbHblX  pa6oT,   n03BOJTiHOmHX   BbIHTH 

Ha MnpoBOH ypoBeHb Marion KocMHHecKOH TexHHKH H o6ecneiHTb ee 

KOHKypeHTOCnOCOÖHOCTb. 

Heo6xo/iHMO paöoTaM 3Toro pa3fleiia nporpaMMbi npHflarb npnopn- 

TeT H oöecneHHTb (pHHaHcnpöBaHne, MoaceT 6biTb BpeMeHHO, 3a c^eT OT- 

Ka3a OT apyrnx MeHee aicryajibHbix paöoT. 

Cepbe3HbIM HCTOHHHKOM 3KOHOMHH 061HHX 3aTpaT Ha C03flaHHe Ma- 

JIOH   KOCMmeCKOH   TeXHHKH   MOfJlO   6bl   6bITb   peilieHHe   O   C03flaHHH     06- 



ÜUHMH  yCHJIHHMH   npeflnpHJraffl-paSpaÖOTqHKOB  yHH<pHiIHpOBaHHOH   KOC- 

MHHecKOH ruiaT4)opMbi MOflyjibHoro rana, npHroflHOH arm BbiBe#eHHa 

jierKHMH paKeTaMH-HOCHTejWMH, KOTopwe pa3pa6aTMBaiOTCÄ B POCCHH, a 

TaKxe, npH HeoöxoÄHMOCTH, PH cpeflHero H raacejioro KJiacca, MeTOflOM 

rpynnoBoro BBefleHHH. 

B KOHe^HOM cneTe Heo6xoflHMO HMeTb jienco conparaeMbie Meacay 

co6oH B pa3JimHOH KOMÖHHaHHH 4 MOflyjin: oriyxeÖHbiH, aHepreiwie- 

CKHH, aBHraTejibHbiii MOflyjiH H Mo^yjib nojie3Hoii Harpy3KH. 

B POCCHH H Ha Yicpa-HHe pa3paöaTbiBaeTCü ceMencTBO JierKHX paiceT- 

HOCHTejieft Ha 6a3e 6ajijiHCTHHecKHX paxeT, CHHMaeMbix c BoopyaceHHH. 

MHOTO npoeicroB JierKHX PH pa3pa6aTWBaeTca H 3a py6e5KOM. HaM Hejib- 

351 OTCTaTb H ynycTHTb snroT CMKHH pbiHOK KocMOTecKHX ycjiyr. OH MCWKST 

flaTb cymecTBeHHbiii aKOHOMPwecKHÖ 3(p(peKT. 

üo HanieMy MHCHHIO, öojiee aKOHOMirqecKH Bbirozmo npe,njiaraTb Ha 

MHpOBOM  KOCMHHeCKOM pbIHKe paKeTy-HOCHTejIb BMeCTe  C  KOCMHHeCKOH 

njiarcpopMOH. 

3TO 3HanHTejibHO pacuiHpHT Kpyr noKynarejieH 3a cner cTpaH, KOTO- 

pbie TOJIbKO HaHHHaiOT KOCMHqeCKyK) fleHTejIbHOCTb. 

B 3aKjiiOHeHHe Heo6xo,aHMO cKa3aTb, HTO BO H36eacaHHe .nyöjiHpoBa- 

HHfl H MHOrOHHCJieHHblX flOnOJIHHTejTbHblX 3aTpaT B yCJIOBHJEX oneHb Ha- 

npJDKeHHoro rocyaapcTBeHHoro (pHHaHCHpoBamra, pa6oTbi B oojiacTH Ma- 

JIOH    KOCMHHeCKOH   TeXHHKH    Heo6xOflHMO    BeCTH    CKOOpflHHHpOBaHHO    B 

paMKax KOMiuieKCHOH HayqHo-HccjieflOBaTejibCKOH H sKcnepHMeHTajibHOH 

nporpaMMbi KOTopaa aKKyMyjiHpoBajia 6bi B ce6e caMbie 



jiyniime pa3pa6oTKH KjiKweBbix aneMeHTOB H TexHOJioraii H aejiajia HX 

ÄOCTO«HHeM Bcex pa3pa6oT*iHKOB KocMHraecKOH TexHHKH. 3Ty pa6oiy He- 

o6xoflHMo opraHH30BaTb B paMKax OeflepajibHOH KocMiwecKOH nporpaM- 

MH. 



ITepcneKTHBbi pa3BHTHH Majibix cnyTHHKOB B POCGHH
1 

M.KXOBHHHHHKOB 

HHCTHTyr npHRjia^HOH MaTeMaTHKH HM.M.B.KejiflwmaPAH, 
POCCHH, 125047, MocKBa, MnyccKafl rui., 4, 

■ren.: (095)-250-7813, <paKc: (095)-972-0737, 
sjieKTpOHnaa noHTa: ovchinni@spp.keldysh.ru 

PefoepaT 

KpafiHe CKyAHoe (pHHaHcnpoBaHHe KOCMHTOCKHX OTpacnen HayKH H npOMbiiiuieHHOCTH B POCCHH 

npHBOflHT K yrepe crpaHOH nojio>KeHHa Be^ymefi KOCMHHCCKOH AepxaBbi. PaccHHTbiBaTb Ha Aopo- 
rocTOHmHe rocyAapCTBeHHbie 3aKa3bi, KOTOpbie no3BOJiHjiH 6M noAAep5KaTb "Ha njiaßy" KpynHbie 
npeflnpHHTH» KOCMHHecKofi HH^ycTpnH, Bpafl jiH MO)KeT 3ApaBOMbicjiamnM pyKOBOAHTejib. yna- 
CTHe B KpynHbix MeacAyHapoAHbix npoeirrax - y#eji OTAejibHbix npeflnpHHTHH. JJ@ H HTOöM AO- 

ÖHTbCK npaßa ynacTBOBaTb B TaicHx npoeicrax, Heo6xoAHMO noeroHHHoe npoABHaceHHe BnepeA B 

HayMHOM H TexHOJiorHHecKOM pa3BHTHH. nojiynaeTCH 3aMKHyTbiH Kpyr - coBepmeHCTBOBaHHe 
TexHOjiorHHecKofi 6a3bi Tpeöyer KaniHTajiOBjiojKeHHH, a 3apa6oTaTb AeHbrn MO>KHO jiHinb Hcnojib- 
3ya KOHKypeHTHO cnocoÖHbie TexHOJiorHH. OAHH H3 nacTHbix nyrefi npeoAOJieHHH STHX TpyAHO- 
'■^en 3aKJiiOHaeTCH B co3AaHHJi HeöojTbuiHx KocMHMecKHx annapaTOB Ha ocHOBe Hcnojib30BaHHa 
cuBpeMeHHbix TexHOJiorHft. Hx npeHMyimecTBa nepeA GojibuiHMH annapaTaMH HajiHuo - coKpa- 
maroTca (pHHaHCOBbie H BpeMeHHbie 3aTpaTw Ha pa3pa6oTicy, co3AaHHe H 3anycK, pacHinpaerca 
Kpyr noTeHUHajibHbix co3AaTejiefi H nojib30Ba,TejieH TaKHx annapaTOB. Ho coKpameHne 3aTpaT Ha 
pa3pa6oTKy H co3AaHHe He AOCTuraeTca Tojibico yivieHbiiieHHeM pa3MepOB H cmDKeHHeM Beca. fla- 
MCe   HaOÖOpOT  -   MHHHaTK>pH3aHHfl   npH   TpaAHHHOHHblX   OpraHH3aUHOHHbIX   H   TeXHOJIOrHHeCKHX 
noAxoAax MOJKCT oöepHyTbca yBejinneHHCM HX "yAejibHon" CTOHMOCTH. CjieAyeT noAnepKHyrb, 
HTO onHcaHHaa npoÖJieMa Kacaerca He TOJibKO POCCHH, HO H Apyrnx crpaH KOCMHnecKoro coo6- 
mecxBa. B AOKJiaAe aHaJiH3Hpyerca KaK, Hcnojib3ya Majibie annapaTbi, pemaeTca npo6jieMa CHH- 

»ceHHfl CTOHMOCTH 3a py6e>KOM H paccMaTpHBaiOTca B03MoacHbie c TOHKH 3peHHa aBTopa nyTH ee 
pemeHHH B POCCHH. 

BßegeHHe 

H3MeHeHHH, npoHcxoAHmne B SKOHOMKHCCKOH H nojiHTHnecKOH >KH3HH POCCHH, HBJIHIOTCH peajib- 
HOH OCHOBOH AJia HHTerpaHHH pOCCHHCKOH KOCMHHeCKOH HayKH H npOMWUIJieHHOCTH B Me>KAyHa- 
poAHbiH pbiHOK KOCMHnecKHx ycjiyr. CaMOH30JiaHHH POCCHH CMepTH noAOÖHO. POCCHH AOJtacHa 
paÖOTaTb Ha MeacAyHapoAHOM pbiHKe. HMCHHO BbicoKHe TexHOJiornn, HaKonjieHHbie 3a AOJirne ro- 
Abl npOTHBOCTOHHHJI B "xOJIOAHOH BOHHe", njIHDC HOBbie SKOHOMHHeCKHe yCJIOBHH, XOTH   BecbMa 
">KecTKHe" H nopoH HeApyacejiioSHbie no OTHOHICHHIO K npoH3BOAHTejito, cnocoÖHbi AaTb TOJIHOK 

AJIH 3(p(J)eKTHBHOH HHTerpaHHH B MHpOBOH pbiHOK Ha OCHOBe HHHHHaTHBbl H KOHKypeHHHH. PaC- 
CMOTpHM 3TO Ha npHMepe HHTeHCHBHO pa3BHBaK>mero BO BceM MHpe HanpaBjieHHH B KOCMHH6CKOH 

TexHHKe - Majibix cnyTHHKOB. 

HTO TaKoe Majibie cnvTHHKH? 

1 © 1998. Bee npaBa coxpaHaioTCH. IIpeHCTaBJieHHbiM MaTepnaji nacraqHO flOKJianbiBajic« 
Ha KojiJioKBMyMe KOCIIA.P no ManHM cnyTHHKaM, npoxoflMBiiieM B fleKaöpe 1997 rojta B Taft- 
HaHe   (TaMBaHb) 
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Majibie cnyTHHKH, Manopa3MepHbie cnyTHHKH, MHHHcnyTHHKH, MHKpocnyraHKH, HaHOcnyraHKH, 
nHKOCIiyTHHKH .... ^TO CKpblBaeTCfl 3a 3THMH Ha3BaHHHMH? IIpHHUHnHa^bHO HOBblH KJiaCC KOC- 
MHHecKnx annapaTOB? H m, « HCT! YTOHHHM - HTO ace HMeerca B BHAY no« TepMHHOM "Majibifi 
cnyTHHK". JICT flecaTb - nsrrHaAuaTb Ha3aa onpeflejieHHe 3Toro TepMHHa 6biJio 6w Kpapme Heo6- 
XOAHMO, H6O 3tno 6bino HTO-TO 3K30THnecKoe HJIH, no KpaiffleH Mepe, Maro KTO HHTepecoBanca 
MajibiMH cnyTHHKaMH H paccMarpHBaji HX. Bcepbe3. Ho Bpeivw MeHJieTCH, MCHHIOTCH TexHOJiornn, 
MeHSIOTCH nOTpeÖHOCTH H MeHHIOTCH JBOflH, 4)OpMHpyK)mHe nOTpeÖHOCTH H Hcno^b3yiomHe Tex- 
HOJiorHH. B HacToamee BpeMfl Manbie cnyTHHKH paccMarpHBaiOTCJi KaK nojiHonpaBHbie napTHepbi 
npH npoBe^eHHH MHornx SKcnepHMeHTOB B Kocivioce, Ha6jnoAeHHH 3eMjiH, MOHHTOpHHra OKpy- 
acaromen cpeaw, ooecneneHHsi CBJOH, HccneflOBaHHH AanbHero KOCMOca. IIoaTOMy CKOpee HyacHO 
He onpeflejieHHe TepMHHa "MMWü cny-rainc", a BbwejieHHe npH3HaKOB, KOTOpbie Jierjin B ocHOBy 

KJiaccH^HKanHH TaKHx KocMHHecKHX annapaTOB. 

IIpH3HaKH, onpeflejiaiomHe Kjiacc M&nbix cnyTHHKOB 

CnHTaeTCH, HTO npH3HaK, Ha 6a3e KOToporo H 3apoÄHJiocb noHarae Majioro cnyTHHKa, - STO ero 
CTOHMOCTb. H He npOCTO CTOHMOCTb, a HM6HH0 HU3KCW cmOUMOCfTlb. IIoacaJiyH, B 3T0M 3aKJUOHaeT- 
ca H0BH3Ha KJiacca Majibix cnyTHHKOB. 3TH cnyTHHKH sBJunorca npoflyKTOM pbmoHHbix B KOCMH- 

HeCKOH  HHAyCTpHH   OTHOHieHHH.   Jfe   HH3KOH  CTOHMOCTH  BblTeKaeT  HX  AOCTynHOCTb  IIIHpOKOMy 
Kpyry nojib30BaTejieH H pa3pa6oTHHKOB, o3Hanaiomaa HeoöxoAHMOCTb Hcnonb30BaHHH npocTbix 
TeXHOJIOrHH, OTHOCHTeJIbHO KOpOTKOe BpeMH pa3pa60TKH, HO B KOHeHHOM HTOre - 3TO OnflTb >Ke 
CTOHMOCTb npoeKTa, BKjnoHaroinaa CTOHMOCTb pa3pa6oTKH, H3roTOBjieHHH H 3anycKa cnyTHHKa. 
rioneMy ace HMCHHO Manbifi cnyTHHK yflOBJieTBopaeT 3TOMy KpHTepnio? HecKOJibKO «jmKTopOB 
cnoco6cTByK)T sTOMy. CHHaceHHe Maccw cnyTHHKa oflH03HanHO BJieneT yMeHbuieHHe CTOHMOCTH 

3anycKa KaK HanpHMyio H3 pacneTa ueHbi BbiBOAa KHJiorpaMMa Beca Ha op6nTy, TaK H H3-3a B03- 
MoacHOCTH Hcnojib30BaHHH nonyraoro 3anycKa, a TaKace jiencnx, B nacTHOCTH, KOHBepCHOHHbix 
HOCHTejiefi. KcTaTH, eBponencKas mKana Majibix cnyraHKOB COOTHOCHTC» HMCHHO C BO3MO>KHO- 

CTSMH 3anycKa (Ta6jiHua 1). 

Ta6jiHna 1. KjiaccncpHKauH« Majibix cnyTHHKOB 

1000-500 Kr 
MHflHCnyTHHKH 

500-100 Kr 
MHHHCnyTHHKH 

100-IOKT 

MHKpOCnyTHHKH 

10 - 1 Kr 
HaHQcnyTHHKH 

1 -0 Kr 
IlHKOCnyTHHKH 

B nacTHOCTH, MHKpocnyTHHKH 6bWH opneHTHpOBaHbi Ha 3anycK nonyTHO paKeTOH ApnaHa-4 Ha 
nepexoflHOH njiaT^opMe ASAP. Boo6me, npHHjrro cHHTarb, HTO Majibifi cnyTHHK - STO annapaT 
Maccofi He 6ojiee HecKOJibKHx COTCH KHJiorpaMM, pa3MepaMH - flo MeTpa, sHeprerHKOH - He 6ojiee 
COTeH BaTT, CTOHMOCTbK) - AO HCCKOJIbKO AeCOTKOB MHJMHOHOB AOJIJiapOB CIHA. TnnHHHblM MHK- 
pocnyrHHKOM HBJiaercH cnyTHHK Uosat, HsroTaBjiHBaeMbiH aHrjiHHCKofl (pHpMOH SSTL. Ero Macca 
OKO.no 60 Kr, pa3Mepw 45x45x60 CM, CTOHMOCTb "ßcero" HecKOJibKO MHJIJTHOHOB AOJumpoB. K TH- 

nHHHbiM HaHocnyrHHKaM MoacHO oTHecTH cnyrHHK Munin, pa3pa6aTbiBaeMbiH uiBeACKHM HHCTH- 

TyroM KOCMHnecKOH (J)H3HKH. Ero Macca OKOJio 5 Kr, KOpnyc HMeeT <J>opMy Ky6a c pe6pOM 20 CM. 

Hcnojib30BaHHe craHAapTHbix sjieMeHTOB npn pa3pa6oTKe H H3roTOBjieHHH Manoro cnyTHHKa, 
6biTb MoaceT «aace npeAHa3HaneHHbix AJIH Hcnojib30BaHHH B HeKOCMHnecKHX OTpacjiax, cHHacaeT 
ero CTOHMOCTb. 3TO OTHOCHTCH K sjieKTpoHHKe, onTHKe, sjieMeHTaM paflHoannapaTypbi. HMeiomee 
MecTO B03MoacHoe CHHaceHHe HaAeacHOCTH cnyTHHKa npn STOM KOMneHcnpyeTca pe3KHM yAe- 
nieBJieHHeM cnyTHHKa H B03MoacHOCTbio pe3epBHpoBaHHH He OTAeJibHbix CHCTCM, a cnyTHHKa ne- 
HHKOM. Ilpn HH3KOH CTOHMOCTH H3roTOBjieHHa H 3anycKa OTAejibHoro cnyTHHKa CTaHOBHTca Hejie- 
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coo6pa3HWM noflflepacaHHe HaAe>KHocTH KOCMHHCCKOH cncTeMbi HMCHHO TaKHM nyreM. TeM ca- 
MblM,  HHTeHCHBHOe pa3BHTHe 3JieKTpOHHbIX TeXHOJIOrHH,   HCnOJIb3yeMbIX npH  C03AaHHH  KOMnO- 
HeHT cjiyaceGHbix CHCTOVI H sjieMeHTOB nojie3HOH Harpy3KH, npHBOAHT K TOMy, HTO craHOBHTca 
u;ejiecoo6pa3HbiM HATH no nyra ynpomeHHa CHCTCM cnyTHHKa H, KaK STO HH napaAOKcajibHO 3By- 
HHT - CHHJKeHHio Hx HaAeacHOcra. B caMOM Aejie, 3aneM rapaHTHpOBaTb paGoTOcnocoÖHOCTb 
cnyTHHKa B TeneHne, HanpHMep, Aecjroi ACT, ecjiH nepe3 napy ACT ajieiopoHHbie KOMnoHeHTbi MO- 

ryr SbiTb 3aMeHeHbi KOMnoHenraMH cjieAyiOLqero nomneHHa. IIpHMepOM MOKCT CAyacHTb CHTya- 
HHa Ha pbiHKe MHKponpoHeccopoB. H B STOM cjiynae, no-BHAHMOMy, SKOHOMHMCCKH nejiecoo6pa3- 
Ho co3AaßaTb AemeBbie npocTbie cnyrHHKH c OTHOCHrejibHO KOPOTKHM cpOKOM cymecTBOBaHHa H 

nepnoAHHecKOH 3aMeHoK HX Ha opÖHTe. KOHCHHO, 3-TOT Te3HC He MoaceT 6biTb pacnpocTpaHeH Ha 
Bee Majibie annapaTbi. HanpHMep, cnyrHHKH, npeAHa3HaHeHHbie RSW HccAeAOBaHHa AaJibHero KOC- 

Moca, BpaA AH MOJKHO 3aMeHHTb nepe3 napy JICT rAe-HHÖyAt B paftoHe opÖHTbi lOnnrepa. Moryr 
cymecTBOBaTb H Apyrne orpaHKneHHa Ha B03MO>KHOCTb 3aMeHbi cnyTHHKa, HanpHMep, yHHKajib- 
Hoe nayHHoe oGopyAOBaHHe Ha 6opTy cnyTHHKa HJIH HeoSxoAHMOCTb BbinoAHeHHa AJiHTeAbHbix 
SKcnepHMeHTOB H T.n. 

CHHaceHHe CTOHMOCTH pa3pa60TKH H H3rOTOBAeHHa AO HeCKOJlbKHX MHJ1JIHOHOB AOJIJiapOB H 3a- 
nycKa, CKaaceM B KanecTBe nonyrHoro rpysa, - AO HecKOJibKHx COTCH Tbican AOJIJiapOB RCJI&&T HX 

AOCTynHblMH AJIfl yHHBepCHTCTOB H He60JIbmHX CJ)HpM 6e3 4>HHaHCHpOBaHHH CO CTOpOHbl HaUHO- 
HaJIbHblX KOCMHHeCKHX areHTCTB. B TaKOH CHTyaUHH CnyTHHK MO>KCT 6bITb HCnOJIb30BaH He TOJIb- 
KO AJia BbinojiHeHHa nepcoHajibHOH 3aAanH, Ha H caM cnyTHHK Moacer 6biTb nepcoHajibHbiM H Aaace 
nacTHbiM. B coBpeMeHHOH SKOHOMHHecKOH cmyanHH, KorAa HACT noBceMecTHoe coKpam,eHHe 
pacxoAOB Ha KOCMHnecKHe HccAeAOBaHHa., pacciHTbiBaTb Ha AOJiroBpeMeHHbie (fiHHaHCOBbie BJIO- 

aceHHa BpaA JiH pncKHCT 3ApaBOMbicjiHiAHH pa3pa6oTHHK H co3AaTenb KOCMHHecKHx annapaTOB. 
IIosTOMy JIH6O - GeAHoe 6iOAa<eTHoe <J)HHaHCHpoBaHHe, JIHöO - nacrabie HHBecTHHHH npn ycjio- 
BHH GbicTpoH peanH3anHH, 6yAb TO KOMMepnecKHH HJIH HaynHbifi npoerr. CneAyeT ocoöo noA- 
HepKHyrb 3HaHHMOCTb coKpameHHa cpoKOB pa3pa6oTKH. Hx coKpaiAeHHe AeJiaer cnyrHHK npn- 
BjieKaTejibHbiM TaKace H c TOHKH 3peHHa Hcnonb30BaHHa coßpeMeHHbix TexHOJiorHÖ, KorAa TOjibKo 
HTO noHBHBHiHeca Ha pbiHKe HayHHbie H TexHOJiorHnecKHe HACK Moryr 6bm> TOTnac anpoÖHpOBa- 
Hbl B yCJIOBHHX KOCMOCa. 
HraK, ocHOBHbiM   nepBHMHbiM npH3HaKOM Majibix cnyTHHKOB aBAaerca HX CTOHMOCTBK) Manwe 
pa3MepbI H BeC MOJKHO OTHeCTH KG BTOpHHHbIM npH3HaKaM. HO HajIHHHK) BTOpHHHblX npH3HaK0B K 
MajibiM cnyTHHKa MOJKHO OTHCCTH annapaTbi, KOTOpbie BO3HHKJIH B CBA3H C pa3BHTHeM H BHeApe- 
HHeM B npaKTHKy COBpeMeHHblX TeXHOAOrHH. 3T0 eCTeCTBeHHbIM 06pa30M npHBOAHT K C03AaHHK) 
Ha HX 6a3e npnGopoB H o6opyAOBaHHa, xapaKTepH3yiomHxca MajibiMH pa3MepaMH, Maccofi H 

SHepronoTpeÖAeHHeM. TeM caMbiM, cnyrHHKH, co3AaßaeMbie Ha 6a3e TaKHX TexHOAorHH, aBAaioT- 
ca MajibiMH no pa3MepaM H Macce. HTO KacaeTca CTOHMOCTH H BpeMeHH pa3pa6oTKH, TO co3Aare- 
jiefi TaKHX Manbix annaparoB CTOHMOCTB pa6oTbi aBAaerca Ba>KHbiM, HO He onpeAejunomnM Kpwre- 
pneM. "MaiiocTb" annapaTa  aBAaeTca jinuib ero ecTecTBeHHbiM BHeniHHM npH3HaKOM.   C STOH 

TOHKH     3peHHH  CnyTHHKH  C yKa3aHHbIMH   npH3HaKaMH  MOaCHO  OTHeCTH   K  MajibiM  C  H3BeCTHOH 
AOJieß CKenTHHH3Ma. MeHTajiHTCT opraHraauHH, pa3pa6aTbiBaiomHH TaKofi "Manbin" cnyrHHK, 
ropa3AO öjinace K MeHTajiHTery opraHH3anHH, 3aHHTOH pa3pa6oTKOH TpaAHHHOHHbrx 
KOCMHHecKHx annapaTOB. 

O cnocoöax CHHxeeHHH CTOHMOCTH npoeKTa Majioro cnyTHHKa 

CymecTByeT HecKOjibKO cnocoöoB cHHacenH» CTOHMOCTH MaAoro cnyTHHKa. HeKOTOpbie cnocoöbi 
6biAH ynoMHHyrbi Bbiiue. OTMCTHM euje necKOJibKO cnoco6oB. 
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- Co3flaHne yHH<J)HqHpOBaHHOH njiaT^opMbi, HTO no3BOJiaeT pacnpeACJiHTb cTOHMOcTb pa3pa6oTKH 
H HcnbrraHHH cnyrHHKa Ha pw OAHoranHbix o6beKTOB. 
- Hcnojib30BaHHe yHH^HUHpoBaHHbix fleTajieö, Hepeflico npHMeHaeMbix He B KOCMHHecKofi npo- 
MbiuujieHHOcTH, HTO no3BOJi*eT CHHSHTb CTOHMOCTb 3a cner coKpameHHa 3aTpaT Ha HX pa3pa6oT- 

Ky H HCnblTaHHH. 
- HcnojTb30BaHHe sjieMenroB H3 KOCMHHCCKOH HHAycTpHH, y>Ke npouieAUiHX ncnbiTaHH» H OTpa- 

6oTKy Ha Apyrnx cnyrHHKax. 
- IlpH npoBefleHHH HcnbiTaHnfi KaKHX-HH6o npn6opoB Hcnojib30BaHHe B KanecTBe HecymeR KOH- 

erpyKHHH caM npnÖop, a ero sjieivieHTbi - no BO3MO>KHOCTH B KanecTBe sjieMeHTOB cnyrHHKa. B 
3TOM cjiynae (paKTHHecKH cnyTHHK He pa3pa6aTbiBaeTC5i, a npHÖop Jimiib AonojiHaeTCH MHHHMajib- 
HblM KOJIHHeCTBOM ^yHKUHOHaJIbHblX SJieMeHTOB, HTOÖbl CTaTb "cnyTHMKOM". 
- Hcnojib30BaHHe &m BbiBOfla nonyrabiH sanycK HJIH KOHBepcHOHHyio paKeTy B KaHecTBe HOCHTC- 

JIH. OAHaKO nepcneKTHBHOCTb sroro nyra cennac craBHTCJi no« coMHeHne, Taic KaK c pa3BHTHeM 
pbiHKa noTeHUHaJibHbix nojib30BarejieH nonyrHoro 3anycKa BjiaAenbUbi cpeflCTB BbiBO^a paccMaT- 
pHBaiOT Majibie cnyTHHKH KaK paBHonpaBHyio c OCHOBHHM cnyrHHKOM nojie3Hyio Harpy3Ky. OHH 

pacnpeAejiHioT CTOHMOCTb 3anycKa Ha ocnoBHyio H nonymyio 3arpy3Ky nponopnnoHajibHO Becy. 
XOTS B 3TOM cnynae cymecTByer npflMaH saHHTepecoBaHHOCTb H3roTOBHTejieH cnyrHHKa CHHScaTb 
ero Bee H ecrb B03MoacHOCTb coKparaTb BpeMH OKHAaHHsi 3anycKa. 

CyiAeCTBeHHblM (paKTOpOM, BJIHHKHHHM Ha CTOHMOCTb cnyrHHKa, MBJIHIOTCH HaKJiaAHbie pacxoAbi 
npeAnpHSTHH, rAe pa3pa6aTbiBaeTCH H H3roTaBJiHBaeTCH cnyTHHK. Ha STOM Bonpoce nejiecoo6pa3- 
Ho ocraHOBHTbca nyrb noApo6nee. TpaAWHHOHHO pa3pa6oTKOH H H3roTOBjieHHeM KOCMHHCCKHX 

annapaTOB B POCCHH H Apyrnx crpaHax 3aHJiTbi npeAnpHHTHH-MOHcrpbi c HHCJIOM coTpyAHHKOB B 

HecKOJibKHx AecHTKOB TbiCHH. 3ro 6buio BnojiHe onpaBAaHO Ha 3Tane cTaHOBjieHHH KocMHnecKon 
HHAycTpHH H pa3pa6oTKH KpynHbix npoeKTOB, B nepnoA mnpoKO HHTepeca oömecTBa K OCBOCHHIO 

KocMOca, KorAa KaacAbifi uiKOJibHHK 3Haji HMeHa Bcex KOCMOHaBTOB. 3TO Bpeiwa coBna.no c nepno- 
AOM    HHTeHCHBHOH TOHKH BOOpyÄCHHJI. TojIbKO KOHUeHTpaUHeH yCHJIHH ÖOJIbfflHX KOJIJieKTHBOB 
M05KHO 6buio peuiHTb cTOJib cnoxHbie 3aqaHH B KpaftHe c^aTbie cpoKH. B HacTOHmee BpeMa OT- 

cyTCTByeT CTOJib MoiAHaa (pHHaHcoBaa noAAep>KKa B Jinne roc3aKa3a. KoMMepnecKHH PMHOK KOC- 

MHHecKHX yonyr B POCCHH HaxoAHTca B 3anaTOHHOM COCTOHHHH H6O Te, KOMy Hy>KHbi STH yenyra, 
He B COCTOJIHHH onjiaHHBaTb HX, a TeM, KTO MO>KeT onjiaHHBaTb - yenyra Hainnx KOCMHHCCKHX 

4>HpM, B o6iAeM-TO, He oneHb H HyacHbi.  B STHX ycjioBHsrc nonbiTKa opraHH30BaTb pa3pa6oTKy H 

npOH3BOACTBO MajIblX CnyTHHKOB   nOTepITHT 4>HaCKO. 3TO MO>KHO o6bHCHHTb nO-pa3HOMy. Ä BH>Ky 
cjieAyJomyio ocHOBHyio npHHHHy. OHa JIOKHT He B HaynHon, HH>KeHepHOH H Aa>Ke He B TexHOJio- 
rHHecKon njiocKocTH. OHa 3aKjnoHaercji B (pyHKHHOHajiax, KOTopwe HCO6XOAHMO onTHMH3HpoßaTb 
npH pa3pa6oTKe H npoH3BOACTBe iwajibix cnyTHHKOB. HTOSW noAAepacaTb B HaAJiejKameM COCTOH- 

HHH 6ojibuiyK) opraHH3auHio en TpeSywTca o6beMHoe «pHHaHCHpoBaHHe, ynaerae B 6ojibuinx 
npoeicrax, ocBoeHne KpynHbix (pHHaHCOBbix n MarepHajibHbix cpeACTB. J\im HX nojiyneHna Tpe6y- 
eTca HapKAy c ApyrHMH 4>aKTopaMH Hajinnne aBTopnTera opraHH3annH cpeAH en noAOÖHbix op- 
raHH3ai;HH. ^CHO, HTO ynaerne B npoeicrax Majibix cnyronKOB BpnA Jin noBbiuiaeT peÖTHHr 6ojib- 
moro npeAnpHATH» A^» nojiyneHHH 6ojibinoro 3aKa3a. Bojiee Toro, ynacTHe B TaKHx npoeKTax 
MOJKer cKa3aTbCH OTpHnarejibHO, KOHenHO, ecjiH penb He HACT O KpynHbix npoeicrax, BKjiioHaio- 
mnx KaK cocTaBHbie nacTH Majiopa3MepHbie annaparbi. "HTO-TO TW, HßaH HßaHbiH, 3aHHJica Mejio- 
neBKOH. Cepbe3Hbiio npoeKTbi y>Ke He no-njieny CTann," - noACMenBaacb, CKaaceT OAHH 

TeHepajibHbiH Apyroiwy TeHepajibHOiviy. H 6yAeT npaB. Xopouio, ecjiH yAacTCH noJiynHTb cpa3y 
HecKOUbKO 3aKa30B Ha cepnio oAHOTHnHbix cnyTHHKOB. Han6ojiee npHeMJieiwo AJW 6ojibinoro 
npeAnpHHTHa nojiynHTb 3aKa3 Ha BBIBOA na opönry cepnH cnyTHHKOB. CymecTByer HeKOTopbiM 
MHHHMajibHbiH o6beM 3aKa3a, npn KOTopoM ero BbinojineHHe ei^e peHTa6ejibHO AM 6ojibinoro 
npeAnpHHTHH. ITpeAnpHHTHe ace, pa3pa6aTbiBaK)mee MaJibiH cnyTHHK, AOJI>KHO HcnoBeAOBaTb npa- 
Mo npoTHBonojioJKHbiH npHHHHn: pa3pa6aTbiBaeMbiH cnyTHHK AOJDKCH 6HTB MaKCHMajibHO Aeme- 
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BblM. H60 TOJIbKO B 3T0M CJiyHae OH 6yACT KOHKypeHTHO CnOCOÖHbIM Ha pblHKe MaJIblX CnyTHHKOB, 
rfle no6e#a AOCTaHercH Gojiee «emeBOMy npoeicry. Bojiee Toro, B 6ojibinoM 3aKa3e Taicoe npea- 
npHHTHe MoaceT 3axjieÖHyTbCH, yrepHTb rnÖKOCTb HOJIHTHKH MeHeA>KMeHTa H B03MOxcHOCTb 6HCT- 

poH a^anTauHH K öbicTpo MeHaiomeMyca pbiHKy. Bo3HHKaer Bonpoc: HTO ace STO AOJISCHO 6biTb 3a 
npeAnpHjrme? 

Ha 3Tane crpyicrypHOH nepecrpofiKH KOCMHHCCKOH HayKH H npOMbimjieHHocTH 6y#yT poKAaTbca 
H yMnpaTb pa3JiHHHbie opraHH3au.HOHHbie (j)opMbi H KaK B npnpoAe Hapa^y c opnaMH cymecrByiOT 
KOJIHÖpH, TaK H B KOCMHHeCKOH npOMbHUJICHHOCTH AOJDKHbl CymeCTBOBaTb Hapflfly C MOHCTpaMH, 
peajiH3yiomHe cjio>KHbie AoporocTOHinne npoeicrbi, HeGojibmne, BHAHMO nacrabie «jwpMbi, paspa- 
6aTBiBaK)mHe Majibie AemeBbie cnyraHKH. npaB^a, Me>KAy npHpoAoii H npOMbiuuieHHOCTbio cyme- 
cTByer, no KpaHHefi iwepe, OAHO cymecTBeHHoe OTjiHHHe - npnpoAa 3BOjnou,HOHHpOBajia MHorne 
TbicflHejieTRH, HO npoMbim^eHHocTH jiJiR ee nepecnpoHKH He oraymeHbi CTOJib AJiHTejibHbie npo- 
MOKyTKH BpeMeHH. He cjiynaHHO MHorne npoeicrbi Majibix cnyTHHKOB BHIIIJIH H3 CTeH yHHBepcw- 
TeTOB H KOjineA>KeH, rp,e paöonaa cnjia - cryAeHTbi H acnnpaHTbi - oTHocHTejibHo AemeBaa, Hajio- 
rooÖJioaceHHe - inaAHiijee, a MeHTajiHTer 6ojiee TH6KHH. He cne^yer TaKace 3a6biBaTb, MTO fljia 
yneÖHoro 3aBefleHHH HeyAanHbifi 3anycK cnyTHHKa He HBjraeTCJj CTOJib CHjibHbiM y^apOM no npe- 
craacy, KaK 3TO GyAer AJIA HMCHHTOH KOCMHHCCKOH (J)HpMbi. A c TOHKH 3peHHa npHOÖpereHHa 
onbiTa HeyAaHHbifi 3anycK MoaceT OKa3aTbca 6ojiee 6oraTbiM HCTOHHHKOM 3HaHHH, HeM ycnem- 
Hbifi. Bo BceM MHpe HMeHHO TEKHM nyTeM H HfleT pa3BHTne Majibix AemeBbix cnyTHHKOB. Cjie- 
AyiomHM 3Tan - 3TO opraHH3anHsi cpnpM npn yHHBepcHTeTax, a 3aTeM - OTfl&nbHbix Hacrabix (JwpM 
CO HITaTOM   HeCKOJIbKO AeCHTKOB COTpyAHHKOB. TaKHe (JwpMbl He B COCTOHHHH npOH3BeCTH cnyr- 
HHK OT Hanajia H AO KOHna. OcHOBHoe HanpaBjieHHe HX AejrrejibHOCTH B pa3pa6oTKe npoeKTOB Ma- 
JlblX CnyTHHKOB 3aKJIK)HaeTC5I B CÖOpKe CnyTHHKOB H3 TOTOBblX SJieMeHTOB. B ÖOJIblUHHCTBe CBOeM 
OHH npHOÖpeTaiOTca Ha pbiHKe roTOBoro KOCMHHecKoro oöopyAOBaHHH. H, MoaceT 6brrb, caMO- 
CToaTejibHO H3roTaBjiHBaK)TCH jiHiiib OTAejibHbie sjieiweHTbi cnyrHHKa. npeAnpHOTHe 3aBeAOMO He 
AOJDKHO 6biTb SojibuiHM, opneHTHpyioiAeMCH Ha Bbino^HeHHe AoporocToaiAHx rocyAapcTBeHHbix 
HJIH KOMMepnecKHX 3aKa30B.  CymecTBeHHbiM <|)aKTopoM,  CnOCOÖCTByiOIAHM B03M0aCH0CTH He- 
ÖOJIblHHX ^)HpM CaMOCTOHTejlbHO H3rOTaBJIHBaTb H BbIBOAHTb Ha OpÖHTy Majibie CnyTHHK, HBJiaeTCH 
pblHOK o6opyAOBaHH3, KOMnJieKTyiOmHX H CpeACTB HX BblBOAa. 

lIpHHHHbl nOHBJieHHH MaJIblX CnyTHHKOB 

no-BHAHMOMy, MOaCHO OTBCTHTb Ha 3TOT BOnpOC KpaTKO - SKOHOMHHeCKHe yCJIOBHfl BblHyaCAaiOT, a 
TexHOjiorHH no3BOjM«OT co3AaßaTb npn oraocHTejibHO HeBbicoKHX 3aTpaTax Majibie cnyTHHKH, 
cnoco6Hbie peuiaTb 3aAann pa3JiHHHofi creneHH CJIOJKHOCTH. 

Ha3HaneHHe Majibix cnyTHHKOB 

KaK npaBHjio, Ha3HaneHHe Majibix cnyTHHKOB - STO peuieHHe HayHHbix, TexHOJiorHnecKHx, o6pa30- 
BaTejibHbix 3aAan, npoBeAeHne SKcnepHiweHTOB, He Tpeoyiomnx npenH3HOHHOH opneHTanHH B 

npocTpaHCTBe Ha A-^HTejibHbix HHTepBajiax BpeiweHH H 3HanHTejibHoro 3anaca paöonero Tena HJIH 

SHeprHH Ha 6opTy, peTpaHCjianHOHHaa CB»3b MeacAy KoppecnoHAeHTaMH, HanpHMep, 4)HHaHCOBbi- 
MH neHTpaMH, ÖHpacaMH, paAHOJiio6HTejiJ!MH, SKcneAHHHaMH, Hcnojib30BaHHe B nponecce oöyne- 
HHH, coop H nepeAana HH^opMaqHH c aBTOMaTHnecKHx H3MepHTejibHbix nyHKTOB, 3aAaMH SKOJIO- 

rHHecKoro MOHHTOpHHra, AHarHOCTHpOBanHH cpeAW BÖJTH3H öojibuiHX KOCMHHecKHX annapaTOB H 
MHoroe Apyroe. OraocHTejibHO HH3icaa CTOHMOCTb Manwx cnyTHHKOB H HX BbiBOAa Ha opömy no- 
3BOjiaiOT BBecTH Ay6jiHpoBaHHe Hanöojiee ysBBHMbix HacreH KOCMnnecKoro ceriweHTa nyreM 3a- 
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nycfca OAHoranHbix annapaTOB. 3THM noBbiiuaeTca HaAe>KHOCTb KOMnjieKCOB, BKJiioHaiomHx Ma- 

jibie cnyTHHKH. 

HTO KacaeTca KpynHbix KOCMHHCCKHX (JmpM, TO TexHHnecKHe, (pHHaHCOBbie, sKOJiorHnecKHe npo- 
6jieMH, B03HHKaiomHe npH HcnojibsoBaHHH op6HTajibHbrx CTaHUHH, TpaHcnopTHbix Kopa6jieH, TA- 

>KeJibix MHorouejieBbix cnyTHHKOB, 3acTaBjiafOT H HX HCKarb AonojiHHTejibHbie BO3MO>KHOCTH AJW 

peineHHH HayHHO-HccjieflOBaTejibCKHx H HapoAHOxo3SHCTBeHHbix 3aAan B KocMoce. Majibie cnyr- 
HHKH HBjiinoTCH He3aMeHHMbiMii noMoiUHHKaMH H B 3TOH oojiacra. B onpeAejienHbie nepHOAbl 
BpeMeHH pa3pa6oTKa, co3AaHHe H SKcnjiyaTanHH Manbix cnyTHHKOB no3BOjraioT KpynHbiM (JmpMaM 
He TOJibKO nojiynaTb npH6buib npn OTHocirrejibHO KpaTKocpOHHOM oöopOTe KanHTajia, HO H HTO 

Moacer OKa3aTbCH Hanöojiee BaacHbiM - npoAOJiacaTb HayHHO-HCCJieAOBareJibCKHe H nepcneKTHBHbie 
KOHCTpyKTOpCKHe pa3pa60TKH. HeCMOTpH Ha yCTOHHHBOCTb CnpOCa Ha MHpOBOM pblHKe CnyTHH- 
KOB, MHorae 3KcnepTbi cnnraiOT, HTO BO3MO>KHOCTH ero AaJibHeHiiiero pa3BHTHa orpaHHHHBaioTca 
ra6apHTaMH, cjioacHocrbio, BMCOKOH croHMOCTbio coBpeMeHHbix KOCMHnecKHx annapaTOB H 

cpeACTB BbiBeAeHHa HX Ha op6wry. CHnxeHHe Maccbi BbmoAHMbix cnyTHHKOB no3BOJinjio 6bi He 
TOJibKO yBejIHHHTb CyMMapHOe KOJlHHeCTBO OAHOBpeMeHHO BblBOAHMblX CnyTHHKOB, HO cAejiajio 
B03M0>KHbiM Hcnojib30BaHHe fljw HX BbiBOAa ne6ojibiiiHe KOHBepcHpyeMbie paKeTbi. 

PeaJiH30BaHHbie H nepcneKTHBHbie npoeKTbi Majibix cnyTHHKOB B POCCHH 

uoAaBJiHiomee 6ojibuiHHCTBO npoeicroB Majibix cnyTHHKOB, pa3pa6aTbiBaeMbix B nooneA- 
Hee Bpeiwa B POCCHH, HanpaBjieno Ha co3AaHne CHCTCM    peraoHajibHOH    H    MOKpernoHajibHOO 
CnyTHHKOBOfi    CBH3H. CymeCTByiOMHH   Ae<J)HHHT CpeACTB CBH3H nOHCTHHe OrpOMHblH H,    HeCMOT- 
pa Ha oneBHAHyK) JIHKBHAHOCTB 3Toro cerMenra pbiHKa, OH ocraeTCH npaKTHHecKH He3anoji- 
HeHHbiM. QrcyTCTBHe KpynHbix AOJiroBpeMeHHbix HHB6CTHHHH, HanpaBJiaeMbix Ha pa3BHTHe 
KOCMHHecKofi TexHHKH, 3acTaBJi«eT pa3pa6oTHHKOB cpeACTB CBH3H HCKaTb AemeBbie H He 
Tpe6yioiHHe MHOTO BpeMeHH Ha npoeKTHpoßaHHe H co3AaHHe annaparw noAxoAti. üo CTOH- 

MOCTH, npoAOJiacHTejibHOCTH pa3pa6oTKH H cnoco6y BbiBOAa Ha opönry STHM ycjiOBHHM Han- 
jiyniiiHM o6pa30M yAOBjieTBOpaiOT Majibie cnyTHHKH. BbiTb MoaceT H3-3a HeAOCTaTOHHOÖ MOIAHO- 

CTH HCTOHHHKOB sjieKTponHTaHHa, Majibix AonycTHMbix o6-beMOB H Maccbi öopTOBoro o6opy- 
AOBaHHa    TaKne  cnyTHHKH  Hcnojib3yiOTCH  npeHMymecTBeHHO  PM C03AaHHä HH3KOOp6HTajib- 
HblX CnyTHHKOBblX   CHCTeM   CBH3H.   OxBaT   BCeX Tpe6yeMbIX   TeppHTOpHH Ha nOBepXHOCTH 3eMJIH 
AOCTHraeTCfl pa3MemeHHeM cnyTHHKOB Ha npnnojuipHbix   opönrax.   HH3KOOp6HrajibHbie   CHC- 

TeMbl n03BOJIflK)T   He   TOJibKO yAOBJieTBOpHTbCH HMeiOIAHMHCH B03MO>KHOCT5IMH AJ™ pa3MemeHHfl 
6opTOBoro o6opyAOBaHH», HO H Hcnojib30BaTb iwajiOMOiAHbie nopTaTHBHbie HaseMHbie npneMO- 
nepeAaiou;He ycrpoHCTBa. CßH3b Me>KAy KOppecnoHAeHraMH, HaxoAHiAHMHca 3a npeAejiaMH 30- 
Hbi BHAHMOCTH OAHOTO cnyraHKa, ocymecTBJiHeTCJi JIH6O TpaHCnopTHpOBKOH C006lAeHHH, 
3aHeceHHoro B naMflTb 6opTOBoro KOMnbiOTepa, pp 30HW BHAHMOCTH KoppecnoHAenra no 
THny sjieicrpoHHOH noHTbi, JIH6O opraHicauHeH MOKcnyraHKOBOH CBSBH. IIocjieAHee no3BOJia- 
eT ocyiAecTBHTb CBH3b B peajibHOM MacuiTa6e BpeMeHH MOKAy jno6biMH TOHKaMH 3eMHoro 
uiapa. HcnoJib30BaHHe HH3KOOp6HTajibHbix cnyTHHKOB Ha npnnojwpHbix opönrax no3BOJraeT 
BO   MHornx  cjiynaax OTKa3aTbCH OT Tsracejibix H AoporocToaiAHX reocrauHOHapHbix cnyTHHKOB. 

flpyroe HHT6HCHBHO pa3BHBaeMoe HanpaBjieHHe npHMeHeHHH Majibix cnyTHHKOB - HX ncnojib30- 
BaHne AJM nejieii MOHHTopnHra OKpyacaiomeii cpeAbi H Ha6jnoAeHH« 3a noBepxHOCTbio 3eMjiH. 
HH3KOop6HTaJibHbie cnyTHHKH Han6ojiee npncnoco6jieHbi AJM peuieHH» STHX 3aAan. Hcnojib30Ba- 
HHe coBpeMeHHbix TexHOJiorHH j\na perncTpauHH npHHHMaeMoro cnrHajia c BMCOKHM BpeMen- 
HbiM H npocTpaHCTBeHHbiM paspeuieHHeM, no3BOjiHeT 0TKa3aTbca OT cjioacHbix AOporocToamnx 
CHCTeM opneHTauHH H CTa6HJiH3auHH yrjiOBoro ABH^ceHHH cnyronKa H eme Ha OAHH mar npn6jiH- 
3HTbc« K npHMeHeHHK) Majibix annapaTOB. 
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B POCCHH Ha npoTHMceHHH Bcero BpeMeHH eraHOBjieHHa H pa3BHTHa KOCMOHaBTHKH pa3pa6aTMBa- 
JIHCb H   BHBOAHJIHCb Ha OpÖHTy Majlbie CnyTHHKH. B OCHOBHOM 3TO ÖbUIH paAHOJHOÖHTeJIbCKHe H 
3KcnepHMeHTajibHbie cnyrHHKH, Ha KOTopbix OTpa6aTbiBajiHCb OTflejibHbie ajieMeHTbi KOHcrpyicuHH 
H npHÖopbi. ^acTHHHo HeKOTopbie H3BecTHbie npoeKTbi POCCHHCKHX Majibix cnyrHHKOB npHBe,qe- 
Hbl B [1]. B OCHOBHOM OHH OTHOCHTCH K pa3pHfly CBJBHblX annapaTOB H CnyTHHKOB flHCTaHHHOHHO- 
rO 30HflHpOBaHH». 
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[1] M.Ovchinnikov, Small Satellite Projects in Russia. Proceedings of International Conference on 
Small Satellites: Missions and Technology, Madrid, Spain, 9-13 September, 1996, pp. 121-127. 
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Abstract 

Extremely scanty financing of space science and industries in Russia could result in loss of the 
powerful position by our country among "space country club". No sensible head of large space 
enterprise could believe to get goverment rich orders which have allowed to support his enterprise 
to float across. The participation in large-scale international space projects is destiny of separated 
enterprises. In order to get the opportunity to participate in such projects, the permanent progress 
ahead in scientific and technological development is necessary. The exclusive circle is generated 
that is the perfection of technological base requires the investments. To get them is possible only 
using competitable technologies. One of particular way of overcoming of these difficulties consists 
in design of small spacecrafts on the basis of modern technologies implementation. Their 
advantages against of large spacecrafts are evident. They are the financial and temporal expences 
reduced of development, fabrication and launching. Also the plurality of potential manufacturers 
and users of such spacecrafts is expanded. But reduction of development and fabrication expences 
is not reached only by decreasing of dimention and weight. Even on the contrary, the 
miniaturization under the conventional organizational and technological approaches can increase 
their relative cost. It should be emphasized, that the described problem concerns not only Russia 
but also other countries of the space community. The paper analyzes how using the small 
spacecrafts the problem of reduction of the expenses in the world is decided and possible ways of 
this problem decision in Russia from the author's point of view are considered. 

1   ©   1998.   All   right   reserved.    The   paper   was   partial   presented   at   the   COSPAR 
Colloquium on  Small   Satellites  placed  in Tainan   (Taiwan)   in  December,   1997 



PErPECCHOHHMH CHHTE3 MHOrOIIEJIEBMX MOjyjIbHblX 
CHCTEM JIETATEJIbHBIX AnilAPATOB. 

B.M.BanbiK 
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MATH-PITY HM. K.3.UHOJiKOBcoro 
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PaccMaTpHBaeTca 3an;aHa nocxpoeHHH MHoronejieBOH MOAYJILHOH CHC- 

TeMbi npe^Ha3HaHeHHOH jym BbiBOßa Ha 0K0Ji03eMHbie opÖHTbi CHCTeMbi 
CnyTHHKOB. npHBOflHTCK (|>OpMaTIH30BaHHa5I MeTOflHKa Bbiöopa OnTHMaJIL- 
Horo THnaaca cpeflCTB BbiBcwa oiJiHHaiomHxca Me^gry coöoii THnaMH 3Hep- 
rocHJioBoii ycTaHOBKH, aapoflHHaMnqecKOH cxeMoft H KOMHOHOBKOH. B Me- 
TOßHKe Hcnojib3yeTca HejiHHeiiHbiH perpeccHOHHbra CHHTe3 xapaKTepHCTHK 
jieTaTeJibHoro annapaTa c npHMeHeHHeM cneiiHajibHo nocTpoeHHbix nceBflo- 
Bbi6opoK. LteneHanpaBJieHHoe, nomaroBoe yMeHbineHne CTOHMOCTH cncre- 
Mbi npHBOflHT, KaK 3TO noKa3biBaeTC5i B paöoTe, K nocTpoeHHio onTHMajib- 
Hbix 3aBHCHMOCTen TaroBbix, aapoßHHaMHqecKHX xapaKTepHCTHK annapaTa 
OT xapaKTepHCTHK BHeniHero, nejieBoro MHoxecTBa sa^aq. B KanecTBe Ta- 
KHX xapaKTepHCTHK npHHATbi Maccbi BbiBOflHMbix nojie3Hbix Harpy30K H na- 
paMeTpbi paöo^Hx opÖHT. 

MHorae sa^a^H HmpopMannoHHoro, TpaHcnopTHoro, oxpaHHoro xa- 
paKTepOB B HacTO^inee BpeMH B03JiaraK>TCJi Ha aapoKocMH^ecKHe CHCTeMbi 
pa3JiHHHbix ypoBHeft. KaK npaBHJio, TaKHe CHCTeMbi HBJiinoTca MHoronejie- 
BbiMH AHHaMH^ecKHMH CHCTeMaMH c MOflyjibHbiM nocTpoeHHeM, H 3,a;ecb 
B03HHKaeT p«Ä HOBHX saßa11!, peineraie KOTOpbix TpeöyeT npHBJie^eHHH HO- 

Bbix noflxoflOB. 

Bo-nepBbix, B03HHKaioT npoeKTHbie 3a#aHH, cB*i3aHHbie c BbiÖopOM 
cocTaBa MO,a;yjibHbix ancMeHTOB JIA, npHHUHnoB HX opraHH3anHH, yB«3KH H 

corjiacoBaHHK) xapaKTepHCTHK oTflejibHbix Mo^yireH, H3 ycjioBHit KOMnjieK- 
TOBaHHfl OTfleJIbHblX BapHaHTOB JIA, COBOKynHOCTb KOTOpblX #OJI5KHa pe- 
inaTb Bee 3a#aHHoe MHoascecTBO neneBbix 3ajxm- 

Bo-BTOpbix, Bee nepeHHCJieHHbie 3afla*iH peraaioTCJi B ycjiOBHax cy- 
mecTBeHHOH Heonpe^ejieHHOcTH, oÖycjiOBJieHHOH HenojmoTOH HH<popMa- 
HHH OTHOCHTeJIbHO COCTOÄHHH Cpeflbl, OTHOCHTejIbHO yCJIOBHH npHMeHeHHfl 
oTflejibHbix cpparMeHTOB aapoKOCMH^ecKOH CHCTeMbi. JXpyrmm cjiOBaMH, 
HMeeT MecTO cymecTBeHHaa BapnauHÄB ycjioBHax npHMeHeraui oxijejibHoro 
JIA H 3flecb HeoöxoflHMo yssraaTb cjioxHyio aBOJironnio BHeniHero MHoxecT- 
Ba nejieBbix 3ajism c noerpoeHHeM onraMajibHOH CHCTeMbi-pima pa3HOTHn- 
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HblX JIA [1]. rioCTpoeHHe TaKOH CHCTeMbI MOXCeT 6bITb B flOCTaTOTOO iron- 
HOH Mepe ocymecTBJieHO cpe^cTBaMH perpeccnoHHoro aHajiH3a MaTeMarn- 
TCCKOH MOflejiH aapoKocMwraecKOH CHCTeMbI C Hcnojib30BaHHeM cneuHajibHo 
nÖCTpoeHHBIX CTaTHCTHHeCKHX BHÖOpOK. 

PaccMOTpHM MaTeMaTHHecxyio Mo^ejib HeKOTOporo "o6o6meHHoro" 
JIA, cnocoÖHoro BbinojiHHTb Beet «Hana30H 3a#aHHbix nejieBbix 3ajnm npH 
BCeX B03M05KHbIX yCJIOBHHX IIpHMeHeHHfl. OÖOÖHjeHHOCTb JIA 3fleCb HOHH-    • 
MaeTCÄ B TOM CMBICJie, HTO B MaTeMaTH^ieCKOH MOfleJIH He KOHKpeTH3HpyeT- 
ca KOMnoHOBKa annapaTa, ero aspo^HHaMKraecKaa cxeMa, ran flBHraTejib- 
HOH ycTaHOBKH H T.n., TO ecTb He HfleHTHcpHUHpyeTCJi BH# oTÄenbHbix nofl- 
CHCTeM. TaKHM o6pa30M, o6o6meHHaa Mo^ejib JIA onncbiBaeTca TOJIBKO 

TpaeKTopHoii MOflejibio, HanpHMep, cjieayiomero BHfla: 

m [^ + (OyVz - (DfeVy ] = mgx + P - X- CxoPS(Vx - VBX)2 + CÄ 

m [^+(BfeVx - o>,Vz ] = mgy + 5>P, - \ (Cxo + C>S(VX - VBX)* 
at j z 

*(Vy - VBy) - co.Vy + 2mVrx(Dz + CYsh, 

m[ ^+ OD.Vy - avVx] = mgz + S^P/-| (Cxo + C«)pS(Vx - VBX)* 
ut y Z 

*(Vy - VBZ) - 03yVz + 2mVrxcoy + CZ8SV, 

Vy= - R; - F-, VZ=-R£-F& .(1) 

3flecb npHHüTbi cjie/jyiomHe ooosHa^erara: 
m - Macca annapaTa 
VxVyVz npoeKHHH cKopocra ijeHTpa Mace annapaTa Ha cBa3aHHbie 

OCH XLYLZ! 
cox , (Oy , coz - npoexuHH Ha OCH CBJi3aHHOH CHCTeMbI yraoBoii 

cKopocTH BpameHHü annapaTa 
T|j Pj , % j P j   - npOeKHHfl THTH j-TOTO «BHraTeJIH Ha CBH3aHHbie OCH 
rij, £j - KocHHycbi yrjiOB Meac#y BeKTOpoM rara Pj H OCKMH y^z^ 
Xj,yj,Zj - npoeKHHfl pazmyca-BeKTOpa TOHKH nepece^iemra BeKTOpa rara 

Pj c mrocKOCTbK) cpe3a coroia 
mgx, mgy, mgz - npoeKHHH Beca annapaTa Ha cBH3aHHbie OCH 
Cxo - KoacpcpHUHeHT jioöoBoro conpoTHBJieHHa npn HyjieBOM yrae 

aTaKH 
C aY - npoH3BOÄHa5i K03^)(|)HHHeHTa noflbeMHOH CHiTbi no yray araKH 
p - njioTHOCTb B03,zryxa 
S - njiomaab MimejiK 
VBX» VBY? VBZ - npoeKHHH cKopocra BeTpa Ha CB5i3aHHbie OCH 

_   dRay _   dRa, 
ay      datz'    az      dmr' 

Ff^, F^ - npoeKHHH Ha OCH y1}zi npoH3BO#Hbix no coy, a>z raaBHoro 
BeKTOpa KOpHOJIHCOBblX CHJI 
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2mVrx(üz , 2mVrxtöy - npoeKHHH Ha OCH y1;Zi CHJT, oÖycjioBJieHHbix 
nepeMemeHHeM HeHTpa Macc JIA OTHOCHTeubHO ero Kopnyca 

CXSCY8 CZ5 - K03(p(pHHHeHTH ynpaBJUnOHIHX CHJI OTHOCHTeJIbHO 
CBK3aHHtix ocen 

8x - BejiH^HHa oTHocHTejibHoro H3MeHerora -rara 
6y - yrojt OTKUOHeiina BepTHKajibHbix pyjien 
8ö - yroji oTKjioHeHHH ropH30HTajibHbix pyjien 

BHeiHHee MHoacecTBO HejieBbix 3aflaq W öyaeM onncbiBaTb ^Hana30HOM 
BbiBOflHMbix nojie3Hbix Harpy30K H xapaKrepHCTHKaMH paöonnx opÖHT fljia 
CnyTHHKOBblX CHCTeM, TO ecTb: 

W 

mriHmin ^ mnH ^ milHmax 
™ min — ^ — ^ max 
1 min ^1^1 max 

e min ^6^6 max 
vmm<v<vmax 

r^e mnH - Macca nojie3HOH Harpy3KH, X - reorpacpH^ecKa;! flOJiroTa 
BocxoflJimero y3Jia, i - HaioioHeHHe opÖHTbi, e - SKcneHTpHCHTeT opÖHTbi, V 
- OpÖHTaJIbHaH CKOpOCTb. J3,JI5I BKJIIOHeHHJI 3THX napaMeTpOB B MOflejIb CHC- 
TeMbi ÄonoJiHHM ypaBHCHHH (1) HejiHHeHHbiMH flH(p(pepeHHHajibHbiMH ypaB- 
HeHHüMH, onHCbiBaiomHMH flBHxeHHe MaTepnajibHOH TO*IKH B rniocKocra 
opÖHTbi: 

2rn + rT\ = gs 

n=v/r 
di     gn 
_=7co8(n+*) 

•     gn   sin(r? + COP) 
£2 = — •  

V       sin(0 
gn    sin(rj + (DP) 

SQ   _  _   #  

V        sin(/) 

(2) 

me r - pa^Hyc-BeKTop, r|- HCTHHHaa aHOMajraa, i - HaKnoHeHHe, C0p - 
apryMeHT nepHueHTpa, gr, gs, gn - npoeKUHH ycicopeHHH (ynpaBjraiomero H 

B03MymaioiLi;ero) Ha opÖHTajibHbie OCH. 

B KanecTBe KpHTepH« BepxHero ypoßroi .zum aapoKocMKHecKOH cHcre- 
Mbi npHHHMaeTca ee CTOHMOCTb C, TO ecrb npcnnojiaraeTCfl H3BCCTHOH 

(pyHKHHOHajibHaa 3aBHCHM0CTb: 
C = C (co, x, U, d) (3), 
r^e co = (mnH, Ä,» i. e, V), x - BeKTOp <pa30Bbix nepeMeHHbix, U - BeK- 

Top ynpaBJDHomHX (pyHKHHH, d - BCKTOP npoeicrabix napaMeTpoB. 

B.M.BajiMK 



OieBHflHo, HTO 3afla^a (1) - (2) - (3) pemaeTCü npH HeKOTopLix 6a30- 
BBIX orpamraeHHax, HanpHMep, TaKHx, KaK orpaHHTCHHe no CTapTOBOH 
Macce oTflejibHoro annapaTa HJIH orpaHHTCHHe Ha BpeMfl cpyHKHHOHHpoBa- 
HHfl H T.n.. 

AjiropHTM HejiHHeHHoro perpeccnoHHoro aHajiroa no3BOjiaeT Han™ 
no CTaTHCTHHeCKHM #aHHMM (pyHKlIHOHaJIBHLie 3aBHCHMOCTH "onTHMajit- 
HLie" no, Tax Ha3biBaeMHM, CHcreMHbiM KpnrepHflM, HanpHMep, no Kpnre- 
pHK) peryjiMpHocTH: 

.Ab 

/ , (_ Jmatin — Ju);- 

A2=-w 
tin 

nuilini JLB4 t/ TY]L 
i=\ 

me NB - nacTb CTaracTHHecKOH TaÖJiHHbi, no KOTOpon nmeTca nojin- 
HOM onTHMajiLHOH CJIOIHHOCTH (flpyraa nacTb xaGjiHHBi - NA - cjryacHT äJIä 

onpe^ejieHHJi KoacpcpHHHeHTOB noiiHHOMa, HanpHMep, MCTOAOM HaHMeHt- 
HIHX KBaflpaTOB), 

JTABJII - 3HaneHHe BHXOAHOä xapaKTepHCTHKH B i - CTpoxe TaÖJiHHbi, 
JMi - 3HaqeHHe BBIXO^HOH xapaKTepHCTHKH, nojryqeHHon no nojiHHOMy, 
cJopMnpoBaHHOMy Ha j-TOM mare noncKa onraMajibHOH CTpyicrypBi nojin- 
HOMa. 

Tax KaK fljui paccMaTpHBaeMOH MO^ejin CTaracTHKH He cymecTByeT, TO 

cTpoHTca nceBflOBBiöopKa. Be3 noxepn OöIHHOCTH npeflnojioxHM, *ITO 

Hmyrc^ paHHOHajiBHbie 3aBHCHM0CTH THTH P H aspoflHHaMHnecKoro K03(p- 
(pHnneHTa Cxo AJM oxKejibHbix annapaTOB aspoKocMHnecKOH cncTeMbi. Tor- 
#a, fliw Ka^Kfloro coneraHHa CXOH P no MoaejiH (1) - (2) - (3) MOXHO nojry- 
wn> cooTBeTCTByromee 3Ha^eHHe CTOHMOCTH cncTeMbi C (npn Ha^anbHO 
3aÄaHHOM KOJinqecTBe annapaTOB, nacTOTe nycKOB H T.n.) H, TeM caMbiM, 
(popMHpyeTca nceBAOBbiöopKa. 3aMeTHM, HTO TaK KaK BH# oTflejibHoro an- 
napaTa, ero xapaKTepHCTHKH nepBOHanajibHO He KOHKpeTH3HpoBaHbi, TO 

nojiy^iaeMaa CTOHMOCTB BecbMa ycjioBHa (KaK H Mo^ejib (3)), Ha Ha^ajibHOM 
3Tane BaxHbi jinnib oneHKH CTOHMOCTH CHroy. 

OT nojiyqeHHOH TaKHM o6pa30M oneHKH CTOHMOCTH Q flnpeKTHBHO 
yBeJTHHHBaiOTCH H CTpOJITCH JIHHeHHbie 3aBHCHMOCTH BHfla: 

P = OQ + oqmnH 
CXo=ßo+  ßimnH (4) 
ECJIH HeOÖXOflHMO BblJICHHTb COCTaB H THnääC aspOKOCMHHeCKOH CHC- 

TeMbl B 3aBHCHMOCTH OT flpyTHX BHeUIHHX yCJIOBHH, HanpHMep, OT X H V, 
3aBHCHMOCTH (4) pacuiHpflioTc« cneayiomHM o6pa30M: 

00=001 + Oo2^ 
«1 — OCn + 0Ci2^ 

ß0 = ß01+   ß02^ 
ßl = ßll +   ßl2^ 

B.M.BajibiK 



«01 = O03 + «04V 
002=005+ «06V 

ßl2 = ß41 +   ß42V • (5) 

HCHO, HTO C nOMOmbfO TaKHX "BJIOaceHHHX" K03(p(pHnHeHTOB M03CH0 
y^ecTb Bee KOMnoHeHTW H3 BeKTopa 00, xapaKTepH3yiomHe BHeuiHee MHO- 

xcecTBO 3a^an. 

^ajiee CTpoHTCfl HOBan nceB#OBbi6opKa, y KOTOpoft BXO^aMH mjunoTCfl 
(mnn, K V)j , a BHXO^OM - äHPCKTHBHO 3an;aHHLie CTOHMOCTH Q H BLIHHC- 

jiHioTca no MOflejiH (1) - (2) - (3) K03(p(pHUKeHT&i nojiHHOMOB (4) - (5) (no 
nepBoii nacTH nceBßOBbiöopKH) H onpe^ejuieTCH SHa^eHne KpnrepHfl pe'ry- 
JlflpHOCTH A2. 

Ilo flOCTJOKCHHK) MHHHMyMa KpHTepHH   A2 BblXOflHOH noKa3aTejiL 
nceBflOBBi6opKH (T.C CTOHMOCTH) BHOBB yMeHbiuaeTca H onncaHHbiH npo- 
necc noBTOpjieTca. 

B [2] ÖHJia ÄOKa3aHa CXOäHMOCTB no KpHTepnio A2 H TüM caMbiM B03- 
MOXHOCTb nojiyneHHJi nojiHHOMa onTHManbHOH CJIOXHOCTH. Bmia Taiace 
AOKa3aHa cxo^HMOCTb K nojiHHOMy onTHMajibHOH CJI03CH0CTH npn nocjieflo- 
BaTenbHOM yMeHbnieHHH CTOHMOCTCH Q , KOTOpaa oÖycjiaBUHBaeTca ecTecT- 
BeHHbiMH orpaHH^eHHÄMH B MOflejiax BHfla (1) - (2) - (3) H 3an;aHHbiMH pe- 
cypcaMH. 

IIojiyHeHHbie B pe3yjibTaTe onncaHHoft nponezrypbi 3aBHCHMOCTH P H 

Cxo nOKa3bIBaK)T OnTHMaJIbHyiO flHHaMHKy HX H3MeHeHH5I B 3aBHCHMOCTH 
OT BHeiUHHX yCJIOBHH mnH5 K V H 3TH 3aBHCHMOCTH TpaKTyiOTCü KaK H#e- 
ajibHbie. 

3aKjnoHHTejibHaa (pasa B Bwöope CTpyKTypbi aspoKocMHiecKOH CHCTe- 
Mbi cocTOHT B HHTepnpeTauHH KOHKpeTHbix noflCHCTeM JTA. 3flecb ocy- 
inecTBJiHeTca cpaBHeHHe H#eajibHOH 3aBHCHM0CTH, HanpHMep, P c peajibHO 
B03M05KHHMH, TO eCTb npOBOflHTCfl annpOKCHMaHHfl HfleaJIbHOH 3aBHCHMOC- 
TH TaroBbiMH xapaKTepncTHKaMH cymecTByioinHX jjBHraTejibHbix ycTaHOBOK. 
KaK npaBHJio, TaKaa annpoKCHManna He peanroyeMa Ha 6a3e O#HOTO THna 
ßBHraTejra H ,TCM caMbiM, (popMHpyeTca onrHMajibHbrä THnax ÄBHraTejib- 
Hbix ycTaHOBOK no« 3a^aHHbiH #Hana30H nejieBbix 3a,n;aH. AHajiornrabiH 
aHajiH3 ocymecTBJiHeTCH H no 3aBHCHMOCTH Cx0 , B pe3yjibTaTe qero ycra- 
HaBjiHBaeTca onTHMajibHbin Ha6op noTpeÖHbix aapOAHHaMH^ecKHX cxeM (H 

COOTBeTCTBeHHO THnOB JIA) H HX XapaKTepHCTHK. 
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THE REGRESSIVE SYNTHESIS OF MODULAR SYSTEMS OF MULTI- 
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At present time there are many tasks of different character (information, transport 
and protection) which require using of aerospace systems of various levels. As a rule, 
such systems are multi-purpose dynamic systems with modular architecture. According to 
this a set of new tasks appears, decision of which requires using of the new approaches. 

First of all, there are some design tasks connected to a choice of structure of 
modular elements of aerospace vehicles, of principles of their organisation and co- 
ordination of the characteristics of separate modules the set of which should decide all of 
target tasks. 

Secondly, all listed tasks are considered in conditions of essential uncertainty 
caused by incompleteness of the information concerning a condition of environment, 
concerning conditions of application of separate fragments of space system. In other 
words, there is an essential variation in conditions of application of single aerospace 
vehicle. Here again it is necessary to co-ordinate the complex evolution of external set of 
target tasks to architecture of optimum system - row of different flight devices [1]. The 
construction of such system can be carried out by means of the regressive analysis of 
mathematical model of space system with use special statistical extractions. 

Let's consider mathematical model of some generalised aerospace vehicle, capable 
to execute all range of the given target tasks under all possible conditions of application. 
Here "the generalised aerospace vehicle" is the term, which is to be understood in the 
sense that the configuration of the device, its aerodynamic outline and a type of power 
installation are not concretised in mathematical model. It means that a kind of separate 
subsystem is not identified. Thus, the generalised model is described only by means of 
trajectory model, for example: 

dVx 1 2 
m ^ ^__ + Wyyz _ rozvy ] = mgx + P - — CxopS(Vx - VBX) + CXöSX, 

m [ ^ +©ZVX - G)XVZ ] = mgy + X mV - ^ (Cxo + C »)pS(Vx - VBX)* 
at j £ 

*(Vy - VBy) - cozVy + 2mVrxcoz + CY559, (1) 

m[ ^ + «xVy - ©yVx] = mgz + £ §Pj - \ (Cxo + C ay )pS(Vx - VBX)* 



K(Vy - VBZ) - ©yVz + 2mVrxcoy + Cz88. M" 

, OJZ 

'ay VY=-R:: -Ffv,vz=-Rz-~eay 
KYi ~AZ KZ 

The following designations here are accepted: 
M - mass of the device; 
Vx, Vy,Vz - velocity projections of a device mass centre for connected co-ordinate axes 
xh yis Zi; 

cox, coY , a»z - angular velocity projections of the device rotation for connected co- 
ordinate axis; 
T|J Pj, £, j P j - draft projection of j-th engine for connected axes; 
r)j, £,j - the cosines between a draft vector Pj and axes yi, zj; 
Xj,yj,Zj - projection of a point crossing radius - vector of draft Pj with a output nozzle 
plane; 
mgx, mgy, mgz- projection of mass of the device to the connected axes; 
Cxo - frontal resistance coefficient at a zero angle of attack; 
C" - derivative of factor of elevating force on an angle of attack; 
p - density of air; 
S - maximum cross-section area; 
VBX? VBYJ VBZ- projection of wind speed to the connected axes; 

R 
cR, ay 

ay Raz — 
cRaz 

dm ' 
F KY > F Tz ~ projections on an axis yi, zi derivative on coY, ©z of coriollis forces main 
vector; 
2mVrxco2, 2mVrxC0y - projection on an axis yi, zj offerees, caused by moving of the centre 
of weights concerning its case; 
CXSCYS CZS - factors of control forces of the concerning connected axes; 
5x - value of relative change of draft; 
8V- angle of a deviation of vertical fins; 
89- angle of a deviation of horizontal fins. 

External set of target tasks W we shall describe by a range of useful loading and 
by the characteristics of working orbits for satellite systems, that is: 

mriHmin ^ mnH ^ niriHmax 

^* min ^ A < A max 

1 min -1^1 max 

6 min S e < 6 max 

vmin<v<vmax 

Where 
mnH - mass of the useful loading; 
X- geographical longitude of ascending unit; 
i - inclination of an orbit; 
e - orbit eccentricity; 

W = 



V - orbital speed. 
For inclusion of these parameters in the system model we shall add the non-linear 

differential equations describing movement of a material point in an orbit plane to the 
equations (1): 

ni + — = gr 
r 

2rr) + r 7] = gs 

TI= V/r 
di     gn 

at     V 
■ _ gn < sin(?7 + o)p) 

V *     sin(z) 

gn    sin(/7 + COP) 
(2) 

co = 
V        sin(z) 

Where 
r - radius - vector; 
r\- true anomaly; 
i - inclination; 

cop - argument of the focus; 
gr, gs, gn - projection of acceleration (control and revolting) on orbital axes. 

As criterion of the top level for space system its cost C is accepted, namely the functional 
dependence is supposed known: 
C - C («, x, U, d) (3), 
where 
co = (mm, K i, e, V), 
x - vector of phase variable; 

U - vector of control functions; 
d - vector of design parameters. 

It is obvious, that the task (1) - (2) - (3) is solved at some base restrictions, for 
example, such, as restriction on starting mass of the single device or restriction to time of 
functioning and etc. 
The algorithm of the non-linear regressive analysis allows to find on the statistical data 
functional dependencies "optimum" on, so-called, system criteria, for example, by 
criterion of a regularity: 

Ate 

/ t (Jmaön — JM)i 

A2=^- NB 

Y f 



Where NB -the part of the statistical table, on which is searched the polynom of optimum 
continuity (other part of the table - NA - serves for definition of coefficients of polynom, 
for example, by the method of the least squares), 
JTABJII - meaning of the output characteristic in i-th line of the table, 
JMI - meaning of the output characteristic received on polynom, generated on j-th step of 

search of optimum structure polynom. 
As statistics does not exist for considered model , the pseudo-extract is 

constructed . Without loss of a generality we shall assume, that the rational dependencies 
of draft P and aerodynamics coefficient Cxo for separate devices of space system are 
searched out. Then, for each combination Cxo and P by the model (1) - (2) - (3) it is 
possible to receive the appropriate meaning of cost of system C (the quantity of devices, 
frequency of start-up etc. are given originally.) and, thus, the pseudo-extract is formed. 
Notice, that as a kind of the single device, its characteristics originally are not 
concretised, received cost is rather conditional (as well as model (3)), on the initial stage 
the estimations of cost from below are important only. 
From the received thus estimation of cost Q the linear dependencies are increased and 
constructed: 

P = oco+aimnH 
CXo=ßo+ ßimriH (4) 

If it is necessary to find out structure and type of space system depending on other 
external conditions, for example, from A, and V, the dependencies (4) extend as follows: 

ao = aoi + ao2A, 
CCi = an + CC12A. 
ßo = ßoi + ßo2^ 
ßl = ßll+ßl2^ (5) 

Ctoi = a03 + OC04V 
«02 = a05 + CCOöV 

ßl2 = ß41+   ß42V. 

It is clear, that with the help of such "enclosed" coefficients it is possible to take 
into account all components from a vector co, which describe external set of tasks. 

Then the new pseudo-extract is under construction, where inputs are (mnH, X, V)i5 

and output are costs Ci (set before). The coefficients of the polynom (4) - (5) are 
calculated by the model (1) - (2) - (3) (by the first part of the pseudo-extract) and the 
meaning of criterion of a regularity A2 is determined. 

On achievement of a minimum of criterion A2 the output parameters of pseudo- 
extract (i.e. cost) again decrease and the described process repeats. 



In [2] the convergence by criterion A2 and by that an opportunity of reception 
polynom of optimum complexity was proved. Convergence to polynom of optimum 
complexity also was proved at consecutive reduction of the costs Ci, which is caused by 
natural restrictions in models of a kind (1) - (2) - (3) and given resources. 

Dependencies P and CXo , received as a result of described procedure, show 
optimum dynamics of their change depending on external conditions mrm, K V and these 
dependencies are treated as ideal. 

The final phase in a choice of structure of space system consists in interpretation 
of concrete subsystems of aero-space vehicles. Comparison of ideal dependence, for 
example, P with real possible ones here is carried out. That is the approximation of ideal 
dependence by draft characteristics of existing engines installations are carried out. As a 
rule, such approximation is not realised on the basis of one type of the engine and, thus, 
the optimum type of engines installations is formed under the given range of target tasks. 
The similar analysis is carried out and on dependence CXo, then the optimum set of the 
required aerodynamic circuits (and accordingly of types JIA) and their characteristics is 
established. 
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CncTeMHoe nporH03HpoBaHHe H onTHMEPaniia onepexaiomero 3a«ejia 
ÄJiH co3flaHHH Majiopa3MepHMx KocMinecKHX annaparoB 
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upeAJiaraeMaa MeTOAOjiorara cncTeMHoro npoeKTnpoBaHHH rpynnw 
Majiopa3MepHbix KocMHHecKnx annaparoB, npeflHa3HaHeHHOH AJM peineraw 
3a#aHHoro Kjiacca 3ana*i B HHTepecax 3KOHOMHKH POCCHH, 

opHeHTHpoBaHHaa Ha onpeaejiemie H onTHMH3annio TpeöoBaHHH K 

cTpyicrype, cocTaBy H xapaKrepncTHKaM (napaMeTpaM) onepe^caiomero 
Hay^iHO-TexHEPiecKoro 3a,n;ejia, BKJiioHaeT cjie^yiomHe ocHOBHbie 3Tanw: 

- cHCTeMHoe nporH03HpoBaHHe TeHfleHnnn pa3BHTna KocMnqecKon 
TeXHHKH,    aHaJlH3   TpeÖOBaHHH   K   ypOBHK)   peineHHH   3aflaM    KOCMHqeCKOH 
Äe»Tejii>HocTH Ha 6jiHüKaHinyio nepcneKTHBy, cHCTeMaTH3anira, o6o6ineHne 
TpeÖOBaHHH   K   npOeKIHMM   KOiHCTpyKTOpCKO-TeXHOJIOrHHeCKHM   peiueHHaM 
no   co3^;aHHK)  nepcneKTHBHWx  KocMHraecKHX  cpe^cTB,   K  Heo6xoflHMHM 
TeXHHHeCKHM        CpeflCTBaM        H        KpHTEReCKH        BaaCHbIM        TeXHOJIOrHflM, 
oöecneHHBaiomHM peniemie 3aflan Ha ocHOBe, B T.H. TexHOJioran rpynnw 
Majiopa3MepHMX KocMiwecKnx annapaTOB; 

- CHCTeMHOe     npOeKTHpOBaHHe     (c     yneTOM     HOBWX     <pH3HHeCKHX 
npHHHHnoB H acpcpeKTOB, HOBMX npoeKTHbix TexHHKo-TexHojioraqecKHX 
penieHHH,     B     TOM     HHCjie     Ha     6a3e     ncnojib30BaHH5i     npHHnnnoB 
KOMIIJieKCHpOBaHHH 3aflaM, yHH(pHKaHHH, ÖjIO^IHO-MO^yjIbHOrO nocTpoeHHH 
KA, MeTOflOB      H      HayqHO-TeXHHHeCKHX     flOCTEDKeHHH      B      o6jiacTH 
aBTOHOMH3aiiHH KA, MHHHaTK)pH3au;HH annapaTypbi H flp.), 
(popMHpoBaHHe, aHajiH3 H TaKTHKO-TexHHKO-aKOHOMHraecKaa oneHKa 
flonycTHMbix BapnaHTOB nocTpoeHHH rpynnw Majiopa3MepHbix KOCMHHCCKHX 

annapaTOB; CTpyKTypw, cocTaBa H napaMeTpOB noTpeÖHoro onepeacaiomero 
HayqHO-TexHflraecKoro 3an;ejia no KmoneBbiM sjieMenraM H KpHTiraecKH 
BaacHbiM TexHOjioriMM, KocMHMecKOMy H Ha3eMHOMy cerMeHTaM; 

- cpaBHHTejibHbin TexHHKO-aKOHOMHHecKHH aHajiH3 H oneHKa 
BapnaHTOB peanraannn 3a,a,aHHoro KJiacca 3aa;aq n Ha ocHOBe nocTpoemra 
rpynnw Majiopa3MepHbix KOCMUHCCKHX annapaTOB c yqeTOM B03M03CH0CTen 
KOMnjieKcnpoBaHHfl, ÖjioHHo-MOflyjibHoro nocTpoeHHfl, aBTOHOMH3annn, 
HHTejiJieKTyajiH3annH KocMHraecKHX annapaTOB n ajieMeHTOB Ha3eMHoro 
KOMirieKca, Ha ocHOBe ncnojib30BaHHH HOBWX <pH3HHecKHX npHHnnnoB n 
3(p(peKTOB; 

- Bbiöop pannoHajibHoro BapnaHTa nocTpoeHH» onepexaiomero 
HayHHO-TexHHraecKoro 3a#ejia nccjieflyeMon rpynnw Majiopa3MepHbix 
KocMHraecKHX annapaTOB n onpeflejieHne nepe^roi 6a30Bbix npnopHTeTHbix 
KjnoqeBbix ajieMeHTOB n KpHTEraecKH BaxcHbix TexHojiorno; 

3. CeMeHemco 



(pOpMHpOBaHHe       H       TeXHHKO-3KOHOMHqeCKOe       o6ocHOBaHHe 
nporpaMMbi cos^aHHa pauHOHajibHoro onepexaiomero Hayroo- 
TexHEraecKoro 3a#ejia o6ecneHHBaiomero rpynny Majiopa3MepHWX 
KocMmecKHx annaparoB Ha ocHOBe pannoHajibHoro Haöopa 
yHHBepcajibHHX 6a30Bbix iuraTcpopM, onTHMajibHbix no xapaKTepHCTHKaM 
KJIKMeBblX SJieMeHTOB H KpHTHWeCKH BaacHbix TexHOjioraii. 

3a£a*ia Bbi6opa pannoHajibHoro penieinra no cTpyicrype, cocTaBy n 
napaMeTpaM onepexaioinero HayiHo-TexmrqecKoro 3aflejia WIH peajiH3an.HH 
rpynnbi Majiopa3MepHbix KocMinecKHX annapaTOB cipopMyjrapoBaHa KaK 
3aflaHa HejiHHeHHoro ancKpeTHoro nporpaMMHpoBaHHü. 

B Ka^ecTBe 3aBHCHMbix nepeMeHHbix, BbiSpaHbi nepeMeHHaa X[ijk], 
onncbiBaiomaa cTpyKiypy, cocTaB H napaMeTpbi rpynnw Majiopa3MepHbix 
KocMiraecKHX annapaTOB H HX noflcncTeM, r/je i- HOMep 3a^;aHH H ee 
napaMeTpw, j - HOMep cocTaBHoii ^acTH KA, Kj - HOMep K-n 
noflCHCTeMbi j -H cocTaBHOH nacTH, nepeMeHHbie Y, Z, W aHajioriWHO 
onncbiBaiomHe CBH3H H orpanprqeHira, oöycjiaBjiHBaiomHe Bbi6op cpe^cTB 
BbiBefleHHH, cpe^cTB Ha3eMHoro KOMmieKca ynpaBJieHira n npHeMa 
HHCpopMannn H Äp. 

B KanecTBe nejieBon (pyHKUHH Hcnojib3yeTC*i 3aBHCHMocTb, 
xapaicrepH3yioma5i H3MeHeHne BejnwHHbi cyMMapHbix 3aTpaT Ha co3Äamxe, 
npOH3BOflCTBO    H    HCIIOJIb30BaHHe    Tpynnbl    MajIOpa3MepHbIX    KOCMHHeCKHX 
annapaTOB ,mra peineinra 3aßaHHoro Kjiacca 3ajim OT BapHamroB 
nocTpoeHKH CTpyKTypw, cocTaBa H napaMeTpoB onepexaiomero Hayrao- 
TexHHHecKoro 3aa;ejia. 

MaTeMaTirqecicaH Mo^ejib n ncnojib3yeMbin HMHTanHOHHo- 
onTHMH3anHOHHbiH MeTOfl HCCJieflOBaHHH H penieHHH 3aÄaHH (KaK noKa3ajia 
npaKTHKa peineHHa TaKoro po#a 3ajwi) o6ecneHHBaioT nojiyieHHe 
KOHe^Horo onTHMajibHoro BapnaHTa nocTpoemifl onepexaiomero Hay^HO- 
TexHHraecKoro 3a#ejia, onpeflejieHne ero xapaKTepncTHK. 

KaK noKa3ajiH pe3yjibTarbi MOflejinpoBamra, npoBeaeHHbix pacHeTOB 
no on.THMH3anHH penieHHa nocraBjieHHOH 3aflaMH, npn ycjioBnn 
BbinojiHeHHH Tpe6oBaHHH 3aKa3*iHKa cyMMapHbie 3arpaTbi Ha co3flaHne, 
npoH3Bo#CTBO H Hcnojib30BaHHe rpynnw Majiopa3MepHbix KOCMirqecKHX 
annapaTOB,   peajin3yeMon   Ha   npHHnnnax   KOMroieKCHpoBamia,   öJIOHHO- 

MO^yjIbHOrO nOCTpOeHHfl, yHHCpHKaUHH H CTaHflapTH3anHH npoeKTHo- 
KOHCTpyKTOpCKHX   penieHHH,    MHHHaTK)pH3anHH    KJIIOMeBblX    SJieMeHTOB    H 
npHMeHeHHü KpHTiraecKH BaxHbix TexHOJioraH, MoryT 6biTb cHiDKeHbi B 5- 
10   pa3   no   CpaBHeHHK)   C   TpaflHnHOHHbIM   BapHaHTOM   (B   3aBHCHMOCTH   OT 
npHHHMaeMoro B pacnexe ypoBHH KaHecTBa H COBMCCTHMOCTH cocTaBHbix 
nacTen H KJiKweBbix aneMeHTOB Majiopa3MepHoro KocMHHecKoro annapaTa, 
BKJiioMeHHbix B HccjieflyeMbiH BapnaHT nocTpoeHHfl onepeacaioinero Hayroo- 
TexHHraecKoro 3a,n;ejia). 

OneHKH noKa3ajin, HTO TOJIBKO 3a cneT ncnojib30BaHna npHHnnna 
KOMroieKcnpoBaHHH 3aaan, TexHOJioraH yHHcpHnnpoBaHHbix 6a30Bbix 
miaT(popM H HX a^anTHBHoro cnocoöa 6jio*fflo-Mo;iyjibHoro nocTpoeHHü, 
cyMMapHbie 3aTpaTbi Ha co3flaHne npoH3BOÄCTBa n ncnojib30BaHHe rpynnbi 
Majiopa3MepHbix KOCMEraecKHX annapaTOB, jum peinemra 3a^aHHoro KJiacca 

3.CeMeHeHK0 



3aflaq, Moryr 6bm> cmraceHbi no cpaBHeroiio c onopHbiM BapnaHTOM 
peajiH3au;HH 3a#aHHoro KJiacca 3an,aq B HecKOjibKo pa3. 

npe/maraeMMH KOMiuieKCHbin no^xofl no3BOjraeT npH 
MoziejiHpoBaHHH H onTHMH3an,HH onepexaiomero HayHHo-TexrorcecKoro 
sa^ejia jajui co3AaHHH rpynnw Majiopa3MepHbix KocMHHecKHX annapaTOB 
yraxbiBaTb TaKace cncTeMHbie TpeÖOBaHHH H orpaHHHeHHfl co cTopoHbi 
cpe^cTB BbiBefleHna, Ha3eMHoro KOMiuieKca no ynpaajieHHio KocMHraecKHMH 
annapaTaMH H npneivty HH(popMamiH, a TaiQKe BCIO coBOKynHocTb 
(paKTopOB BHeuiHen cpeflbi, onpeflejraiomHx Bbiöop KOHnennnn nocTpoemra 
Majiopa3MepHoro KOCMiraecKoro annapara. 

flaHHaa  MeTOflojiorna   (PHC.1)   ncnojib3yeTca   npn   pa3pa6oTKe   n 
TeXHHKO-SKOHOMHraeCKOM      o6oCHOBaHHH      nepCneKTHBHMX      KOCMMMeCKHX 
cpeflCTB Oe^epajibHOH KOCMMHCCKOH nporpaMMbi, fljia aHajiH3a H oneHKH 
HeoöxoÄHMoro HayqHO-TexHiraecKoro noTeHnnajia cucTeMHbix npoeKTHO- 
KOHCTpyieropcKHx H TexHojionpiecKHX peniemiH B oGecneneHHe 
nepcneicrHBHbix KocMinecKHX annapaTOB, a TaKace npn oöocHOBamiH 
nepe^HH npnopHTeTHbix HanpaBjiemiH pa3BHTHH HayKH H TexHHKH, 
KpHTHHecKH    BaacHbix   TexHOjiorHH    PKT    B    HHTepecax    3(p4)eKTHBHOrO 
pa3BHTH5I OTeHeCTBeHHOH KOCMHHeCKOH fleHTejIbHOCTH. 
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PHC.1 YnpaBJieHHe co3AamieM onepeacaiomero HayiHO-TexmwecKoro 
3a^eJia KOCMHHCCKHX cpe/jcTB Hoeoro noKOJiemisi 

T 
OeaepajtbHaa 
nporpaMMa 

"HauHOHanBHaa 
xexHOJiorMHecKaa 

6aja"     • 

MeÄBeflOM CTBeHH 
aa nporpaMMa no 

6a:30BbiM 
TeXHOJ10rH3M 

flBOHHOrO 
npHMeHeHHH 

KoHqenqwa 
HaUHOHaJIbHOH 
KOCMHlieCKOH 

nOJIHTHKH 
OCHOBHbie 

HanpaBJieHHH 
pa3BHTna PKT Ha 
nepHOßflo 2010 r. 

HayMHo- 
TexHHHecKHe 

nporHosbi 
pa'iBHTHfl PKT 

na nepHOA 
2005-2015 r.r. 

Tpe6oBaHHH 
tteflepajibHOH 
KOCMHHeCKOH 

nporpaMMM K HT 
safleny no 
KinoMeBbiM 

SJieineHTaM H 

TexnoJiqrnaM 

*HayliHO- 
TexHHliecKne 

AOcraweHna B 
KOCMOHaBTHKe 

* HoBaqnii 
OTe^eCTBeHHOH 
H 3apy6e3KHoM 

KT 

Pe3yjibTaTM 
CHCTeMHblX. 

Hccjie,a,oBaHHH no 
npHOpHTCTHblM 

KOCMHHeCKHM 
cpeji;cTBaM 

HOBoro noKoneHHa 

npeflJIOMteHHH 
no C03flaHHK) 

onepoKaiomero 
HayHHO- 

TexHHHecKoro 
3a,n;ejia B 

oöecneneHHe 
KOCMHMeCKHX 

CpeflCTB HOBOrO 
noKOJieHHü 

CHcreiwa HHP 
no KOMnJieKCHOMy aHaJiH3y a 

CHHTejy HOBblX npoeKTHO- 
KOHCTpyKTOpCKHX   peUieHHH 

KOCMHMeCKHX CHCTeM H KOMnjieKCOB 
Ha ocHOBe onepexcaioinero HT 

3aflana KocMHHecKHX cncTeM HOBoro 
noKOJieHHa 

no KJHoneBbiM 3JieMenTaM H 

TeXHOJIOrHHM 

riporpeccHBHMe npHHHTsnbi 
npoeKTHpoBarom H 

C03flaHHH KOCMHMeCKHX 
cpegcTB 

HoBwe 4)H3H»iecKne 
3(J)(J)eKTM H 
npHHUHnbi 

KnioiieBbie H 

KpHTHHeCKHC 
TeXHOJIOrHH B 
KOCMOHaBTHKe 

3aAa«iH H 3Tanbi HccjieflOBamm 

D KoHuermna 4>opMHpoBaHHa, co3flaHHH H KcnoJibsoBaHHH 
OHT3 KOCMHHeCKHX CpeflCTB HOBOTO noKojienna 

D C.HCTeMHbie nccneAOBaHHfl cTpyicrypbi H cocTaBa OHT3 
G TeopeTHiecKHe H sKcnepHMeHTanbHbie HcorceAOBaHHa no 

noHCKy H oTÖopy HOBbix UK H TexHHHecKHX peuienHH Ana 
KC Hü H HX cHcreMHaa yBHSKa (HHP,H3P,OKP) 

D   KoMnJieKCHbie qejieBbie nporpaMMM no KjnoMeBMM 
aneMeimiM 
KoMHJieKCHaa MOAeJib 6a30Bbix TexHOJiorufi OHT3 KC D 

Pe3yjibTaTbi HCCJieflOBamiH no cocraey H oöJiHKy OHT3 
D «DopMHpoBaHHe oßjiHKa paHHOHaJibHoro onepeacaiomero HT3 
D 3(p$eKTProHoe npoeKTHpoBaHHe KJironeBbix 3JieMeHTOB H TexHOJiorun «na KC Hn 
D IlporpeccHBHbie npoeKTHO-KOHCTpyKTopcKHe peineHHa no co3,a;aHHK> KC Hü 
□ LJeneBbie nporpaMMM no KraoneBbiM MBMtairaM c BMCOKHM HayHHo-TexHiraecKHM ypoBHeM 
D IlpewioaceHHa no nepe^ane H Hcnonb30BaHHio HT^ B 3KOHOMHKe POCCHH 
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ApxHTeKTypa yHHipHUHpoBaHHoro pima KocMBraecKHX 
njiaT<popM ÄJia Majibix KA pasjiHHHbix no Macce H Ha3Ha*ieHHK> 

A. HayMOB, T. YcneHCKHH, B. HBaHOB, B. MHPOHOB 

141.070 r.KopojieB, MocKOBCKaa oojiacTb 
yji.riHOHepcKaji,4 

<PaKc: (095) 513 5420, (095) 513 4400 

TexHOjioriwecKH-ynpaBJiaeMbie KocMmecKHe npoeKTW, B oTjnrane OT 

TpaflnnHOHHbix npoeKTOB, KOHKpeTHoro nejieBoro Ha3Ha*ieHHfl, - HOBoe 
HanpaBjieHHe cosflaraifl Majibix KA. flaHHbffl noflxofl no3BojraeT co3AaBarb 
He^oporae 3<p<peKTHBHbie KA pasjiiWHbie no Ha3HaHeffino H Macce: OT 

cynepcnyTHHKOB Maccofi < 10 KT RO Majiwx KA Maccoii flo 1 T. 
HcnojibsoBaHHe KOMnneKca eflHHbix TexHiraecKHX H TexHOJioraqecKHX 

pemeHHH fljia cosflamia TaKHX KA - OAHO H3 BOSMOJKHWX HanpaBjiemrii 
peajiH3anHH TexHOjionraecKH-ynpaBjiaeMbrx npoeKTOB. B CTarbe 
npeflJiaraeTCJi B03M0>KHaa apxHTeKrypa ymapHnnpoBaHHoro p*ma 
KocMjraecKHX roiaixpopM WIH MKA pa3JiHHHbix no Macce n Ha3Ha*ieHHio. 
PaccMaTpHBaioTca npo6jieMHbie Bonpocw co3flaHH» 3Toro pjma, a TaKxe 
npeflJio)KeH npoeKTHbin O6JIHK cepnn MKA HayHHoro Ha3Ha^eHHH. 

BBefleHHe 

BHe^peHne HOBMX c BHCOKOH creneHbio npHMemieMocTH TexHOJiornn 
npn co3^aHHH KocMiraecKHX annapaTOB «BjiaeTca OCHOBOH 
TexHOJiorHHecKH-ynpaBjiaeMbix KOCMEraecKHX npoeKTOB. üporpaMMa New 
Millenium (CHIA) cQnepaorr cepnio npoeKTOB, KOTOpbie aBJWioTCH 
TexHOjiorirqecKH-ynpaBjweMbiMH [ ]. /JaHHbie npoeKTbi pa3pa6aTMBaioTca, 
HTO6H npOBepHTb Texnojioran,  KOTOpbie  ncnojib3yioT  HOBoe  noKOjieHne 
HeflOpornX,     BblCOKO     MHHHaTK>pH3HpOBaHHbrX     SJieMeHTOB,     C     BHCOKOH 
cTeneHbio npHMeiraeMocTH B HOBOM TbicOTejieran. flpyrnM npnMepoM 
peajiH3anHH TexHOjiorcraecKH-ynpaBJifleMbix npoeKTOB HBJiaeTCH nocTpoeHne 
KA Ha ocHose KocMHqecKHX lUiarcpopM, B TOM qncjie Ha ocHOBe 
MHoronejieBbix KocMHraecKHX roiaTcpopM. OCHOBHOH nejibio TaKnx npoeKTOB 
ÄBjiHeTca cHiDKeHne 3aipaT H cpoKOB co3flaHHH KA H, npe^e Bcero, Majibix 
KA Maccon < 10 KT flo ~1 T. B HacToamee BpeMa cymecTByeT «ocTaTOHHO 
ninpoKHH cneKTp pa3pa6oTOK no KOCMiraecKHM ruiarcpopMaM pa3jiKraHoro 
nocTpoemra c HcnojibsoBaHneM KaK HOBOH, TaK n oTpaöoTaHHon 
sjieMeHTHon 6a3bi. Bo3MOXHaa KJiaccncpHKanira KOCMHHCCKHX nnanpopM 
no ÄHanasoHaM peinaeMbix 3aaan, KOHcpHrypannn cncTeM n ajieMeHTOB, 
KOHCTpyKnnn npHBe^ena Ha pnc.l. HanpaBJiemie co3Äamw yHHBepcajibHbix 
KOCMiwecKHX miaT(popM c nepeivieHHOH KOH^Hrypannen H CTpyKrypon 
ajieMeHTOB 6a3HpyeTca Ha BHCOKOH cTeneHH MHHnaTiopH3anHH nejioro p*«a 
ajieMenroB, BO3MO>KHOCTH HapamnBamifl (aßanrannn) HX cTpyKTypbi n 
4>yHKnHOHajibHbix xapaKTepncTHK, a Tarace BO3MO)KHOCTH coKpamemra 
KOJimecTBa   KaHajioB   B3aHMOfleHCTBiw   ocHOBHbix   cncTeM    KA   nyreM 



nepexo^a Ha npHHUHnw KOßOBoro B3aHMOÄeöcTBaa, MonyjibHoro 
nocTpoeHHH. IlpH 3TOM cymecTByeT uejiMH KOMiuiexc e#HHbix TexHinecKHX 
H TexHOjiormecKHX pemeHHH, KOTOpbrii no3BOJiaeT co3flaBaTb Ha HX ocHOBe 
niHpoKHH cneKTp MKA Maccoö OT 1 T äO Qffamm H MeHee KT. 

B    CTaTte   paccMaTpHBaiöTCH   Bonpocbi   nocTpoeHHH   Majibix    KA 
paannqHbix   no   Macce    KjiaccoB    (cynepcnyrHHKH    Maccoö    <    10    KT, 

MHKpOCnyTHHKH MaCCOH  <50 KT,  MHHHCHyTHHKH  MaCCOH  <  300  KT,   MajIblX 
KA MaccoH OT 300 KT flo ~ 1 T) Ha ocHOBe eflHHOH apXHTeicrypbi 
yroicpHHHpoBaHHoro p*ma Majibix KOCMHHecKHX iuiaTcpopM c nepeMeHHOH 
KOH(pHrypau,HeH H CTpyicrypoH arceMeHTOB, npoöjieMHbie Bonpocbi co3jißmw 
TaKoro pswa KOCMHHecKHX rwar^opM, a Taicxe «aioTca oueHKH B03M05KHoro 
TexHHraecKoro oöjiHKa cepHH Majibix KA Ha HX ocHOBe. 

KjiaccHtpHKaniiji Majibix KOCMaraecKHx iuiaT4>opM 

no flnana30Hy pe- 
uiaeMbix 3a«aH 

no KOH<J)Hrypau,HH 
H CTpyiaype KOH- 

CTpyKTHBHOrO H 
annapaTypHoro 
nocTpoeHHH 

no KOHCTpyKI^HH 

y3KouejieBbie 

C nOCTOHHHOH KOH(j)H- 
rypaqneH H CTpyrry- 
pOH 3JieMeHTOB, yHH- 

4>nn;HpoBaHHbie 

MOflyjibHbie 

c nepeMeHHOH KOHC[)H- 

rypauHen H CTpyKTypoii 
3JieMeHT0B (KOHCTpyK- 

THBHblX SJieMeHTOB, 
MOflyjiefi H ÖJIOKOB HJIH 

CHCTeM, y3JiOB H arpera- 
TQB) 

KapKacHbie 
naHejibHO- 

CTep^cHeßbie 

PHC.1 



ApxHTeKTvpa yHHcpHTTHpoBaHHoro pima Majibix 
KOCMHHeCKHX IDiaT(pOpM 

ripefljiaraeMaii apxirreKTypa ymHpHnnpoBaHHoro ps«a Majiwx 
KOCMHHeCKHX ILTiaTCpOpM BiononaeT: 

- yHHBepcajibHwe Majibie KocMHraecKne iuiarcpopMbi I - IV KjiaccoB B 

cooTBeTCTBHH c npHHÄTOH KJiaccHcpHKanneH Majibix KA no Macce; 
- p*m oömHX 6a30Bbix TexmraecKHX peuieHHH no HX nocTpoeHHio; 
- yHHcpnnHpoBaHHbie pflflbi 6a30Bbix aneMeHTOB cjiysceÖHbix 

KOMnjieKcoB YMKI1. 
B KanecTBe 6a30Bbix TexHiraecKHX peiuemiH npHHHTo: 
1) MosyjibHoe nocTpoemie YMKTI Ha ocHOBe Hcnojib30BaHiw B 

MaKCHMajibHon cTeneHH aBTOHOMHbix Moayjien, ycTaHOBKa KOTopbix Ha 
YMKII      3aKJiioMaeTC«      B      noßKJiKweHHH      K      niHHe      nepBHHHoro 
SJieKTpOnHTaHHH H K CTaH^apTHOH JIHHHH KOflOBOH MeäCMOZiyJIbHOH CBH3H. 

2) Hcnojib30BaHHe B MaKCHManbHOH KOHCpHrypanHH YMKn 
cjieayiomero cocTaBa MonyjieH: 

- Monyjra "EUBK-ynpaBjiemra"; 
- paÄHOMOAyjiü; 
- MQnyjra 3jieKTpocHa6>KeHHH Ha ocHOBe opneHTHpyeMbix no flByM 

ocflM COJIHOTHMX 6aTapen H aKKyMyjiHTopHbix 6aTapen; 
- Moayjw ajieicrpoMarHHTHbix HcnojiHHTejibHbix opraHOB (3MHO) Ha 

ocHOBe flBHraTejieö-MaxoBHKOB nepnofliraecKH pa3rpy»caeMbix c 
Hcnojib30BaHHeM Jiy c vKPfl HJIH MarHHTonpHBO^OB; 

- MOflyjia conpiDKeHHH annapaiypbi YMKII H annapaiypbi nejieBoro 
HasHa^eHHa; 

- MOJiyjUl  flBHraTejlbHOH  yCTaHOBKH   Ha  OCHOBe   OflHOKOMnOHeHTHMX 
yKPA, aBHraTejieii Ha cxaroM ra3e ,zyra pa3ipy3KH HHepnnoHHbix 
HcnojiHHTejibHbix opraHOB, KoppeicnHH ßpwKemm H Ha ocHOBe 3PA THna 
CTLJX fljia KoppeKHHH ,nBEra<:eHH« n op6nTajibHoro MaHeBpHpoBaHna; 

- Moayjui npH6opoB HaBHiannn H opHeHTanHH. 
3) IloCTpOeHHe aBTOHOMHbix MO^yjieH C HCnOJIb30BaHHeM 

HHÄHBimyajIbHOH MHKpOnpOneCCOpHOH TeXHHKH, KOMMyTaHHOHHO- 
npeo6pa3yK>meft annapaTypw (KIIA) am conpJDKeHira c o6men IUHHOH 

nepBHHHoro aFieKTpororraHira H CO craHflapTHOH jiHHHen    MeacMoayribHOH 
CB5I3H; 

4) Hcnojib30BaHHe yHncpHnnpoBaHHon AJIM Bcex KJiaccoB YMKII 
KOHCTpyicnHH KapKacHoro THna ÄByx 6a30Bbix Tnnopa3MepoB: 0,8M X 0,4M H 

0,4M x 0,4M C pa3MemaeMWMH BHyrpn Hecymeft KOHCTpyKnnH cbeMHbiMH 
aBTOHOMHblMH MOflyjWMH. 

npHHHHnHajibHaH cxeMa KOMHOHOBKH YMKII npeflCTaBjieHa Ha 

pnc.2. 
KoHCTpyKUHH CbeMHMX EBTOHOMHblX MOflyjieH  BKJIIOHaiOT SJieMeHTbl 

naccHBiioro TepMoperyjinpoBaHHH (TenjioBbie Tpyöw, cTa6HiuiaTW H T.n.) n 
Moryr roroTOBJiflTbCJi Ha ocHOBe H3BecTHbix TexHOjiornn KOHCTpynpoBaHHu 
H H3roTOBjieHHa paztnoajieKTpoHHOH annapaTypw, Ha ocHOBe 
MHorocjioHHOH KOHCTpyKnnH H3 jierKHX cnjiaBOB, yrjienjiacTHKOB, 
ajnoMHHHeBOH    (pojibra.    Oöecnenemie    3aflaHHbix   TeroioBbix    peacnMOB 

A.HayMOB 3 



4>yHKijHOHHpOBaHHfl annapaTypbi, pa3MemaeMbix Ha Hecymen paMe 6yaeT 
ocymecTBJiHTLca Taicace, B 3aBHCHMOcra OT ycjioBHH (pyrncuHomipoBaHHii 
MKA,  • ycTa- 

UejieBcW annapaTypa    | 

HaBHraijHOHHMe 
npnoopw, A<DY 

Mcwyjib P9A uejieBOH annapaTypbi 

l ~i f.-      -   ■ 

Hecymaa paMa 
/CO CteMHWMH 

MOflyjlHMH 

_^  T~ ' 

Mo,ayjib KIIA -i conpflaceHHH 

' I^M^-^b^^ff" 

Pajmouojxynh  | 

J\    .   ',— J L 

r— — 

""j  • 1 i i 

SHeproMoflyjib   j 

EC 

CbeMHaa paMa 
KOMiuieKca JXY 

im 
jm a. 

! Moayjib 9MH0 

i 

! 
Mo^yjib 3jneKTpdaBT0MaTHKH Jiy 

r-'      "  g, L..f^f^* 

.Mcviyjib BLIBK 
- ynpaBjieHHH 

CteMHaa paMa 
uejieBon annapaTypbi 

OpHeHTHpyeMbie 
cTBopnarae naHejiH 
cojiHeMOH 6aTapeH 

TonjiHBHbie 6atcH 

^BHraTeiiH KoppeicuHH H pa3rpy.3KH 

PHC. 2.    npHHUiHriHajibHaa cxeMa KOMIIOHOBKH YMKI1 



HOBKOH       ÄOnOJlHHTeJIbHbK       SKpaHOB,       paflHaTOpOB       CHapyjKH       paMM. 
npHHHMaeMbie    GasoBbie    TexHtwecKHe    pemeHHH    no    Hcnojib30BaHHio 
MHKpOnpOHeCCOpHOH       T6XHHKH       B       COCTaBC       aBTOHOMHblX       MO£yjieH, 
conpJDKeHHio     Mo^yjieH     nepes     o6mne     HIHHM     HH^opMannoHHoro 
B3aHMO^eHCTBHH H  nepBHHHOTO 3JieKTpOnHTaHHfl  n03BOJIHK)T HCnOJIb30BaTb 
nepcneicraBHbie MeTOflbi KOMiuieKCHOH oraaflKH YMKll H MKA B nejioM c 
noMombio n3BM. npHHHMaeMbie THnoBbie pemeHH* no oöecneHemno 
TemioBbix pejKHMOB, KOHcrpyKmra YMKQ H KOMHOHOBKH nejieBOH 
annapaTypw H cjiyaceOHbix MoayjieH co3aaioT npeflnocbuiKH fljm 
cymecTBeHHoro coKpameHHH oöbeMa sKcnepHMeHTajibHoii OTpa6oTKH MKA 
Ha ocHOBe YMKII, BKinonafl TenjioBbie, MexamraecKHe HcnbrraHira, 
HcnbiTamw Ha noMexo3aiUHmeHHOCTb cncTeM H ajieMeHTOB. 

BasoBbie THnopasMepw Heeymen KOHCTpyKnHH onpeflejieHbi c yqeTOM 
orpaHHHeHHH no KOMnoHOBKe nojle3Horo rpy3a paKeT-HocHTejiefi jierxoro H 

cBepxjiencoro KJiaccoB (rana PH "POKOT", "OrapT" H T.IL), a Taxxe c 
yqeTOM     B03M0)KHbix     raöapHTO-MaccoBbix    xapaKTepHCTHK     aneMemoB 

cjiyaceÖHbix CHCTeM YMKII. 
ABTOHOMHbie MOflyjra YMKII npeflnojiaraeTC» CTpoHTb Ha ocHOBe 

6a30Bbix fljw Kaaqjoro KJiacca sjieMeHTOB. Hcnojib3yeMbie npHHHfflibi 
MO/iyjibHocTH, HapamHBaHiM cipyKTypbi H xapaicrepHCTHK pflfla sjieMeHTOB, 
KOflOBOrO   B3aHMOfleHCTBHH   n03BOJI5IIOT   C03flaBaTb   yHH^HUHpOBaHHblH   pilfl 
YMKII I - IV KJiaccoB nyreM Hcnojib30BaHHJi npn pa3pa6oTKe KA 
KOHKpeTHoro nejieBoro Ha3HaHeHiM 6a30Bbix sjieMenroB flpyrax KJiaccoB, 
COCTaBJIfllOmHX yHH^HUHpOBaHHbie pflflbl SJieMeHTOB. 

TpeöoBaHH» K 3THM 6a30BbiM ajieMeHTaM YMKII I - IV KJiacca 
onpeaejiajiHCb c yqeTOM nepcneKTHBHbix Tpe6oBaHHH no MaccoBOMy 
coBepnieHCTBy (oTHomeHHe Maccw nojie3HOH Harpy3KH    K Macce MKA) 
MKA. 

B HacTOümee BpeMa /jaHHbiH noKa3aTejib, KaK noKa3biBaeT aHajras 
cocTaBJiaeT -30% pa KA Ha 0K0Ji03eMHbix opÖHTax H cymecTBeHHO 
MeHbiue wiH MeaauiaHeTHbix KA. B Toace BpeMfl aHajTH3 p*ma 
nepcneKTHBHbix     pa3pa6oTOK     no     MajibiM     KA     noKa3biBaeT,     HTO 

HCnOJIb30BaHHe HOBblX TeXHOJIOrHH C03^aHHa 3JieMeHTOB, HX 
MHHHaTK>pH3anHH no3BOjraeT co3^aBaTb MKA c noKa3aTejieM MaccoBoro 
K03(J)(pHHHeHTa B 50% H 6ojiee. ITpoBefleHHbie coBMecrao co 
cneHHajiHCTaMH HHHA, PHHHKn, HnO "Kuanr", HHHnM3 MAH, a 
TaiOKe aHajiH3 pa3pa6oTOK apyrnx Beflymnx oTeHecTBeHHbix pa3pa6oT*iHKOB 
KocMiwecKOH TexHHKH noKasbiBaeT1 Ha peajibnyio B03M05KHOCTb B 

HacToamee BpeMH co3^aHna 6a30Bbix sjieMeHTOB YMKII II - IV KJiaccoB, B 

TOM HHCJie Ha npHnnnnax HapaiiniBaHira cTpyKTypw H BbixoflHbix 
xapaicrepHCTHK ( EHBM C HapamHBaeMOH cTpyKrypofi pa3pa6oTKH HHHA, 
MHoronpoueccopHbie HBM pa3pa6oTKH HKH, acTpoflaTHHKH pa3pa6oTKH 
HKH, pim ÄBHraTejieH-MaccoBHKOB pa3pa6oTKH BHHH3M, pw 3P# rana 
CUJl, paznioKOMiuieKCbi I - IV KJiaccoB npopa6oTOK PHHHKn H ap.). 
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OueHKa B03MC»KHoro ypoBiHH xapaicrepHCTHK 6a30BMX Moayjien 
fljifl Kaxcfloro Kjiacca YMKn npeflcraBJieHa B Taöjnme 1. 

TaÖJiHija 1 
yMKU-I yMKn-n yMKJI-111 yMKn-iv 

1 2 3 4 5 6 7 8 9 

Moayjra MaccafKT npoHHe 
xapaKTe- 

pHCTHKH 

MaccafKT ripoHMe 

xapaKTe- 

pHCTHKH 

Macca(KT ITpo^Me 
xapaKTe- 
pHCTHKH 

Maccahcr HpoHMe 

xapaKTe- 

pHCTHKH 
) 

sHepron 
OTpe6ji. 

(BT) 

3Hepron 
OTpe6ji. 

(BT) 

) 
SHepron 
OTpeGji. 

(BT) 

) 
SHepron 
orpeGji. 

(BT) 

BUBK- 
ynpaB- 
JieHHK 

0,5+0,6 
2-5 

f=5MIu 
03Y = 
192K6 
snn3y 
= 192 K6 

3Ji 
10 

Tpexnpo 

uec- 

COpHblÄ 
KOMITblO 

-Tep 

10 
15 

cß3y 
eMKOC- 

Tbio 256 
M6MT 

>10 
15 

C 
HapamH 
BaHM-eM 

eMKOCTM 

PaflHo- 
MOAyJIb 10 

PnH>lBT, 

Vp^lOOKö' 
c 

4=5 
25 

PM>5BT, 

Vp< 1 
M6HT/C 

25 
50-265 

P  = 1 na 
3-40T, 

>100 
M6HT/C 

35 
50-265 

c 
E1JBM 

Moflyjib 

ÄBHraTe 

-jieft: 

pa3ipy- 

3KH 

2-3 
10 

MHKpO- 

ÄBHraxeji 
H Ha 

C3CaTOM 

5-10 
20 

)KPfl(r 

pa3HH) 

10-15 
30 

)KPfl(r 

pa3HH) 

15-20 
50 

XPfl(r 
MÄ- 

pa3HH) 

Ha ra3e c 
OCHOBe 
OßHOKO 

jvmoHe- 

y/i,.HMn.~ 

500 
H»C/KT 

HTHBIX 

3 Ha 
cacaTOM 

ra3e; 

5+9 
220 crm- 

35 
(1-2 

20-45 
330 crw- 

50 

40-75 
700 crw- 

70 

KoppeK- 

UHH Ma- 
HeBpnpo 

BaHH« 

ABHraTe 
na) 

Ha 

OCHOBe 

THna 

crm 
Mo^yjib 
3MHO 

1,5-3,0 
5 jm-Ma- 

10 
10 

AM 
IHMC 

12-25 
10-100 

AM 
<15HMC 

25-50 
100+200 

JSM 
<20HMC 

WM, 
3MK) 

XOBHKH 

(JIM) 
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1 2 3 4 5 6 7 8 9 
HaBHra 1-2 CojiHen- 7 oa, 10 AcTpo- 10 
_ 5 Hbffl 10 1-2 AA 25 6JIOK C 25 
UHOHH aaTMHK(C (BHCOK npoijec 
bie A) o- - 

npuSop MHKpO- TOTOblX COpOM, 

bi acTpo- 
ÄaTHMKH 

(AJX), 
MHKpO- 

rHponpH- 
ÖOpbl 

«o 2") 
MHKpO- 

raponp 
H- 
6opbi 

Cfl,ra- 
ponpH- 
6opbi 

(Pn„ - MomHOCTb nepeflaTiHKa 
> /„  - npoi TVCKHafl CI lOCOÖHOC Tb paflHO JIHHHH 

p 
A3Y - flojiroBpeMeHHoe sanoMHHaiomee yerponcTBO 
03Y, 3Iin3y - onepaTHBHoe 3Y, ajieKTponporpaMMHpyeMoe 
nocTOHHHoe 3Y) 

KaK cjie^jyeT H3 «aHHbix Taojranbi 1 co3flaHHe MKA KJiacca 
cynepMHKpocnyTHHKOB (Macca <10 KT) H MHKpocnyrHHKOB (Macca <50 KT) 
Ha ocHOBe YMKI1 I H II KJiacca B C MaKCHMajibHoii KOHCpHiypannH 
Moayjiefi B öjiHDKaHineä nepcneKTHBe flocTaTorao npoOJieMaiwrno. PeajibHO 
co3flaHHe MKA flaHHBix KnaccoB Ha ocHOBe YMKI1 I H II KJiaccoB c 
noHPDKeHHWM ypoBHeM KOH(pHiypanHH MOflyjieo: Hcnojib30BaHne >KecTKOH 
ycTaHOBKH naHejieö cojmeHHbix öarapeft, OTKas OT #BHraTejieH-MaxoBHKOB, 
ÄBHraTejieö pa3ipy3KH H KoppeKUHH c nepexo^oM win oKojio3eMHbix MKA 
Ha Hcnojib30BaHHe MaraHTonpHBOflOB cHCTeMbi opHeHTauHH MKA, KpoMe 
Toro, Ha ocHOBe 6a30Bbix aneMenroB YMKII I H II KJiaccoB BO3MO>KHO 
nocTpoeHHe MKA flpyrax KJiaccoB Hcnojib3yn paccMOTpeHHbie TexHHHecKHe 
pemerora no yHHcpHKaijHH YMKII pa3jiHHHbix KJiaccoB. 

OcHOBHbie ocoÖeHHocTH npoeKTHpoBaHHü MKA Ha ocHOBe 
paccMaTpHBaeMoro THna YMKII Moryr 6biTb npoHjiJiiocTpHpoBaHbi 
pe3yjibTaTaMH npopaöoTOK1 B03MOJKHoro TexHEraecKoro oöjiHKa cepHH HC3 
Hayrooro Ha3HaHeHjra äJI« pemeHHH 3a#a*i Hccjie^oBaHHH KocMEraecKHX 
jiyqeä, Ha6jnoaeHHH c BMCOKHM ypoBHeM paspeineHHH, HCcjieÄOBaHira 
KpynHOMacnrraÖHbix axMoccpepHbix nponeccoB c Hcnojib30BaHHeM o^Horo- 
ÄByx HayqHbix npaöopoB, perHCTpaHHH npe^BecTHHKOB pa3pyniHTejibHWX 
HBJieHHii. 

flHana30H Tpe6oBaHHH K YMKII co cTopoHbi Hayrooii annapaTypm 
(HA) npHMeHHTejibHo K nepeHHCjieHHWM Bbiine 3a#aHaM cocTaBjraeT: 

- no Macce MOflyjw Hayraon annaparypbi - 30^-350 KT; 

- no ypoBHio 3jieKTpocHa6»ceHH» HA - 50-^500 BT; 

- no TOHHOCTH ynioBOH opHeHTanHH KA OT 5... 10' ,a;o 10°; 
- no TOMHOCTH onpeAejieHHfl MecTonojioaceHHH nemp Mace - 20+25M; 

- no TOHHOCTH onpeflejiemra yrjioBoro nojioacemwi KA - 3-^10'. 
no   pe3yjibTaTaM   npopaeoxoK1     Macca   HC3   Ha   ocHOBe   YMKn 
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COCTaBHT; 
- Äjra HccjieflOBaHHa cojrae*iHO-3eMHbix cBiöefi H KOCMHHCCKHX jiyqen 

110-480 (940 KT npH BiüiKraeHHH 3P#Y opÖHTajibHoro MaHeBpnpoBaHiw); 
- jxsia   onepaTHBHoro   Haojno/ieHira   3eMJin   c   BMCOKHM   ypoBHeM 

pa3pemeHHa 170^-170KT; 
- an«   HccjieÄOBaHHa   aTMOCcpepHbix   nponeccoB   H   peracTpannn 

npHpOÄHbix KaracTpocp - 190H-300KT. 
ra6apHTO-MaccoBbie xapaKTepHCTHKH paccMarpHBaeMOH cepnn MKA 

o6ecneHHBaK>T B03M05KH0CTb HX pa3MemeHHH n 3anycKa Ha TpeGyeMbie 
Op6HTbI C HCnOJIb30BaHHeM PH "POKOT". 

CxeMa pa3MemeHHa cepHH H3 BocbMH MKA Ha ocHOBe YMKIl B 

cocTaBe nojie3Horo rpysa npe#cTaBJieHa Ha pHc.3. 

3aKjiK>ieHHe 

Hcnojib30BaHHe   yHH^HUHpoBaHHoro   pflfla   YMKIl   I-IV   KJiaccoB 

n03BOJIHT: 
- pa3pa6aTWBaxb nmpoKyio raMMy pa3jiHHHbix no Macce H 

Ha3Ha^ieHHio MKA npH orpamraeHHofi HOMeHKjiaType 6a30Bbix arceMeHTOB 
cjiyaceÖHbix KOMiLneKcoB YMKIl; 

- coKpaTHTb cpoKH upoeKTHpoBaHHH H oTpa6oTKH MKA; 
- noBbicHTb HaaexHocTb MKA 3a cneT noBbmiemra cepHHHocTH H 

oTpaöoTaHHOCTH ajieMeHTOB cjiyaceÖHbix CHCTCM; 
- cHH3HTb 3aTpaTbi Ha BHeapeHHe HOBWX 6ojiee coBepiueHHbix 

aneMeHTOB B cocTaB 6a30Bbix ajieMeHTOB YMKIl I-IV KJiaccoB 3a cnex 
Sojiee BMCOKOH cepHHHocTH co3^,aBaeMbix Ha ocHOBe YMKIl Maccax KA. 

K      HHCJiy      HaH6ojiee       aKTyajibHbix      3a«a^       pa3pa6oTKH 
yHHfpHHHpoBaHHoro piifla YMKIl cjieayeT OTHCCTH : 

- 3a#aHH no co3«aHHio 6a30Bbix ajieMeHTOB YMKI1-I B 

MaKCHMajibHOH KOH<pHrypannn c xecTKHMH orpaHHraemraMH no Macce H 

3HepronoTpe6jieHHio     3a     CHCT     BHeflpeHHH     nepeflOBbix     TexHOjioran 
MHHHaTK)pH3anHH KOCMHMeCKOH TeXHHKH", 

3aflaHH no co3flaHHK> nporpaMMHoro o6ecneHeHHH 
nponeccoB npoeKTHpoBaHH«, OTJiamcH YMKIl n MKA c 
Hcnojib30BaHHeM II3BM. 

JlHTepaTypa: 
l.TexHHHecKoe npemioaceHHe "IlpoeKTHbiH O6JIHK HC3 Ha ocHOBe 

Majiwx H MHHH-iuiaT<popM ana peineHjra HayHHbix H npHKJiaziHbix 3aaa^ B 

0K0ji03eMH0M KocMoce", LJHMMMam, 1998r. 
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The abstract 

Technology-driven space missions, in contract to the more traditional science-driven 
space missions are new roadmap of the development and production small spacecraft (SC). 

It allows to build low-coast and highly effective different by the goal and mass 
spacecraft: from supermicrospacecraft by the mass <10 kg to spacecraft by the mass 1000 kg. 

Application of common software, hardware and technology manners for development 
these spacecraft is one of the possible roadmap for the insertion of the technology-driven space 
missions. 
The paper describes the possible architecture of unified set of the space platform for different by 
the mass and the goal small spacecraft. In this paper presents spacecraft description for series 
science applications, problem of the development of the unified set of space platform. 

Introduction 

Today, there is the rather wide spectrum of development on space platforms of various 
construction with use both new, and existing element base.The possible classification of space 
platforms by ranges of soluble problems, configuration of systems and elements, design is 
resulted on fig. 1. The direction of creation of universal space platforms with a variable 
configuration and structure of elements is based on a highly miniaturized elements, opportunity 
of escalating (adaptation) their structure and functional characteristics, and also opportunity of 
reduction of quantity of channels of interaction of the basic systems SC by transition to 
principles of code interaction, modular construction. Thus there is the whole complex of the 
uniform technical and technological decisions, which allows to create on their basis a wide 
spectrum SC in weight from 1 T up to units and under kg. 

In the article questions of construction small SC various on weight of classes (supermicro 
spacecraftes of weight <10 kg, micro spacecraftes of weight < 50 kg, mini spacecraftes of weight 
< 300 kg, small SC in weight from 300 kg up to (1 T) on the basis of united of an architecture of 
unified set of small space platforms with a variable configuration and structure of elements, 
problem questions of creation of such set of space platforms are considered, and also estimations 
of possible technical shape of a series small SC on their basis are given. 



Architecture of a unified set of small space platforms 

The offered architecture of a unified set of small space platforms includes: 
- Universal small space platforms (USSP) I - IV of classes according to accepted classification 
small SC on weight; 
- Set of the general base technical decisions on their construction; 
- Unified set of base elements of service complexes of the USSP 
- As the base technical decisions it is accepted: 
1) Modular construction USSP on the basis of use in the maximum degree of autonomous 
modules, the installation of which on USSP consists in connection to the trunk of the primary 
power supply and to a standard line of code intermodular communication. 
2) Use in the maximum configuration USSP of the following structure of modules: 
- Module of control computer ; 
- Radiomodule; 
- Module of electrosupply on a basis turning on two axes of solar batteries and chemical 
batteries; 
- Module of electromagnetic executive meshanisms (EMEM) on a basis reaction wheels (IRE) 
periodically unloaded with use hydrazine thrusters or magnetic torquers; 
- Module of interface of the USSP's equipment and equipment of payload; 
- Engine module on a basis cold gas or hydrazine thrusters, for unloading IRE, correction of a 
movement and on a basis electric thruster (ET) for correction of a movement and orbital 
manoeuvres; 
- Module of devices of navigation and orientation. 
3) Construction of autonomous modules with use of individual microprocessor engineering, 
switching - transformation equipment (STE) for interface to the general trunk of the primary 
power supply and with a standard line of intermodular communication; 
4) Use unified for all classes USSP of a framework constractions as two base dimensions: 0,8M x 
0,4M and 0,4M X 0,4M with demountable autonomous modules placed inside a carrying 
contraction. 
The basic circuit of configuration USSP is submitted on fig. 2. 
The designs of demountable autonomous modules include passive thermocontrol elements (heat 
pipes and etc.) and can be produced on the basis of known technologies of designing and 
manufacturing of the radioelectronic equipment, on a basis of new consruction materials (carbon, 
plastic three-layer plates with aluminium foil cellular filling and etc.). The maintenance of given 
thermal modes of functioning of the equipment, placed on a carrying frame will come true also, 
depending on conditions of functioning SC, installation of additional screens, radiators outside of 
a frame. The accepted base technical decisions on use of microprocessor engineering in structure 
of autonomous modules, interface of modules through general trunks of information interaction 
and primary power supply allow to use perspectiv methods of complex debugging USSP and SC 
as a whole with the help PC. The accepted typical decisions on maintenance of thermal modes, 
constraction USSP and the arrangement of the payload and housekeeping modules create the 
preconditions for essential reduction of volume of examination SC on a basis USSP, including 
thermal, mechanical tests and etc. 

Base dimension of a carrying construction are determined in view of restrictions on 
configuration of a payload of rockets - carriers of easy and supereasy classes (as rockets - 
carriers "Rocot", "Start" and etc.), and also in view of the possible dimension, mass and another 
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characteristics of elements of housekeeping modules USSP. 
The autonomous modules USSP are supposed to be built on the basis of base for each 

class of elements. Used principles modul constraction, escalatings of structure and characteristics 
of a set of elements, code interaction allow to create a unified set USSP I - IV of classes by use 
at development SC of particular target purpose of base elements of other classes, making unified 
set of elements. 

The requirements to these base elements USSP I - IV of a class were defined in view of 
the perspectiv requirements on mass perfection SC (relation of weight payload to weight SC). 
At the moment given parameter, as shows the analysis makes «30 % for near earthly SC and 
much less for interplanetary SC. In too time the analysis of a number of perspectiv development 
on small SC shows, that use of new technologies of creation of elements, them miniaturization 
allows to create SC with a parameter of mass factor in 50 % and more. Analysis of development 
of conducting domestic developers of space engineering shows1 on a real opportunity at the 
moment creations of base elements USSP II - IV of classes, including on principles of escalating 
of structure and target characteristics (contral computer with escalating by structure, 
multiprocessor, astrogauges, number IRE, number ETE as SPT (stationary plasma thruster), 
radiocomplexes I - IV of classes and other). 

Estimation of a possible level of the characteristics of base modules for each class USSP 
is submitted in table 1. 

Table 1 

USSP-I ussp-n USSP-III USSP-IV 

1 2 3 4 5 6 7 8 9 

Modules Weight The Weight The Weight The Weight The 

(kg) other (kg) other (kg) other (kg) other 
Power, character Power, character Power, character Power, character 

Wt istics Wt istics Wt) istics Wt istics 

Control 0.5+0,6 f=5Mhz 3,5 3 - 10 SSR- ' >10 With 
computer 2-5 ROM = 

192Kb 
DRAM= 
192 Kb 

10 processo 
rs 

15 256Mbit 
T 

15 escalatin 
gof 
capacity 
SSR 

The LI P>lWt, 4-5 P>5Wt, 25 P= 35 computer 
radio- 10 Vp<100 25 Vp 50-265 3-40Wt, 50-265 
module Kb/sec <lMbi1/s 

ec 
Vp>100 
Mbit/sec 
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1 2 3 4 5 6 7 8 9 

The 
module of 
engines: 
-  for the 2-3 Micro- 5-10 (HT) 10-15 (HT) 15-20 (HT) 
unloading 10 engines 20 30 50 
IRE on a on    cold 
basis gas  with 
hydrozine specific 
thrusters( impulse - 
HT), cold 500 N 
gas sec / kg 
thruster; SPT-35 SPT-50 SPT-70 
- 5*9 (1-2 20-45 40-75 
correction 220 SPT) 330 700 
and 
maneuvre 
s    on    a 
basis ETE 
-SPT 
Modul 1.5-3.0 IRE 10 IRE 12-25 IRE 25-50 IRE 
EMEM 5 10 INmsec 10-100 <15Nms 

ec 
100^200 <20Nms 

ec 
Navigatin 1-2 Sun 7 SUS, 10 2SS + 10 
g devices 5 sensor 

(SUS), 
Micro sta 
rsensor 
(SS), 
Microgyr 
os (fibro 
optic 
laser 
gyros 
and etc.) 

10 1-2 SS 
(«2") 
Microgyr 
OS 

25 micropro 
cessor, 
SUS,gyr 
OS 

25 

(P - capacity of the transmitter 
Vp - Throughput of a radioline 
SSR - solid state recorder)/ 

As creation SC of a class supermicro - SC (weight <10 kg) and micro - SC (weight <50 
kg) on a basis USSP I follows from given tables 1 and II of a class in from the maximum 
configuration of modules in the nearest prospect is rather problematic. Really creation SC of the 
given classes on a basis USSP I and II of classes with a lowered level of a configuration of 
modules: use of rigid installation of panels of solar batteries, refusal from reaction wheels, 
unloading and correction thrusters with transition for near earthly SC for use magnetic torquers 
of system of orientation SC. Besides on the basis of base elements USSP I and II of classes 
construction SC of other classes using the considered technical decisions on unification USSP of 
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various classes is possible. 
The basic peculiarities of designing SC on the basis of a considered type USSP can be 

illustrated by results researches1 of possible technical shape of a series near earthly SC of 
scientific purpose for the decision of problems of researches of space beams, supervision with a 
high level of the sanction, research of large-scale atmospheric processes with use of one - two 
scientific devices, registration of harbingers of the destructive phenomena. 

Range of the requirements to USSP on the part of the scientific equipment (SE) with 
reference to the listed above problems makes: 
- On weight of the module of the scientific equipment - (30.. .350) kg; 
- On a level of electrosupply SE - (50... 500)Wt; 
- On accuracy of angular orientation SC from (5 ...10)11 up to 10 ; 
- On accuracy of orbital definition - (20... 25) m; 
- On accuracy of definition an angular rule SC - (3... 10) . 
By results of research1 weight SC on a basis USSP will make: 
- For research of sun-earthly communications and space beams (110...480) kg (940 kg at 
inclusion ET for orbital maneuvre); 
- For operative supervision of the Earth with a high level of the sanction (170.. .265) kg; 
- For research of atmospheric processes and registration of natural accidents - (190.. .300) kg. 
The  dimension  and  mass  of a  considered   series  SC  provide  an  opportunity  of their 
accommodation and start on required orbits with use rocet - carrier "Rocot". The circuit of 
accommodation of a series from eight SC on a basis USSP in structure of a payload is submitted 
on fig. 3. 

The conclusion 

Use of a unified number USSP I-IV of classes will allow: 
- To develop wide scale various on weight and purpose SC at the limited nomenclature of base 
elements of service complexes USSP; 
- To reduce terms of designing and improvement SC; 
- To raise reliability SC at the expense of increase number of verified elements of service 
systems; 
- To lower expenses on introduction of new more accomplished elements in structure of base 
elements USSP I-IV of classes for the account increase number created on a basis USSP weights 
SC. 
To number of the most urgent problems of development of a unified number USSP it is 
necessary to attribute: 
- Problem on creation of base elements USSV-I in the maximum configuration with rigid 
restrictions on weight and power at the expense of introduction of advanced technologies 
miniaturisation of space engineering; 
- Problem on creation of the software of processes of designing, debugging USSP and SC with 
use PC. 

The literature: 

1. The technical offer " Design shape Earth satellite on the basis of small and mini- 
platforms for the decision of scientific and applied problems in near earthly space ", 
TSNIIMash, 1998r. 
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OcHOBbi MeTo^ojiorHH ynpaBJieHHfl PHCKOM ana MKA 

A.H.PeM6e3a, IO.A.COKOJIOB, B.AHanbiH-npHJiyHKHH 

UHHMMam 
141070  r. KopojieB,  MocKOBCKa« oöjiacTb 

yji. ÜHOHepcKaa, 4 
Oaxc:   (095) 513 54 20 

H3jiaraeTCH MeTo^onoriw (KomjenuHJi H cxeMa) ynpaBjieHHJi PHCKOM 

Ha Bcex STanax >KH3HeHHoro HHKJia Manbix KOCMHHCCKHX annapaTOB (MKA). 
PaccMOTpeHbi cjieayioiuHe nepcneKTHBHbie pjw MKA npHHHHnbi H Mo^ejin: 

- npHHHHn npneMJieMoro pncKa (npHHnnna ALARA); 
- MOflejib Macc-onTHMH3aHHH (MMO); 
- MOflejIb MHHHMH3aHHH CyMMapHOTO pHCKa (MMCP). 
HanoxeHbi opHraHajibHbie pe3ynbTaTbi Hccjie^oBaHHH aBTopoB, KOTopwe 

npoHJDiiocTpHpoBaHbi Ha TiinoBbix npHMepax aHajiH3a oco6eHHocTen co3mami H 

Hcnojib30BaHHH MKA c IIO3HU.HH ynpaBjieHHH PHCKOM. 

npHHHHn ALARA 

B HacToamee BpeM» ßjm penieHHa pa3jiHHHbix sajißu, CB5i3aHHbix c 
aHajiH30M pncKa B TexHoc(pepe, Hanöonee HiHpoKO Hcnojib3yioTca KOHuenuufl 
Hyjieeoro pwcKa H KomjenuHH iipmeMJieMoro pHCKa.5 Jljin oÖosHa^eHHa STHX 

KOHHenHHH B nocjieflHHe roflbi BCC name crajiH Hcnojib30BaTb cooTBeTCTBeHHo 
a66peBHaTypw (aKpoHHMbi) ALAPA H ALARA, KOTopbie pacniH<ppoB- 
braaiOTCfl TaK: 

ALA (P) RA   =    As Low As  (Practically)  Reasonably Achievable. 
(HaCTOJIbKO HH3K0, HaCKOJIbKQ 3T0 ((paKTH^eCKH) npHeMJieMO flOCTCOKHMO). 
riocKOjn>Ky pHCK Ha npaKTHKe Bee paBHO He paBeH Hymo, B03HHKaeT 

Heoöxo^HMOCTb onpeAeJieHHfl /lorryeraMoro ypoBHa pncKa. 3TOT flonycTHMbift 
ypoBeHb M02KH0 TpaKTOBaTb KaK npneMJieMWH (Mpa3yMHbrä", paHHOHajibHbrä 
H T.n.) ypoBeHb pncKa. upn STOM HeoöxorniMo yHHTbreaTb, MTO "HToroBbrii" 
ypoBeHb pncKa HBjraeTCfl cjieflCTBHeM Gojibinoro KOJiH^ecxBa pa3Hoo6pa3Hbix 
(paKTOpoB, Mepa (cTeneHb) Heonpe^ejieHHOCTH KOTOPMX pacnpe^ejieHa 
HepaBHOMepHo no 3TanaM XH3H6HHoro HHKjia oöbeKTOB TexHoccpepbi. 

IlpeflCTaBJifieTca nejiecoo6pa3HMM opraHH30BaTb npouecc co3,aaHHü H 

Hcnojib30BaHHfl MKA TatcHM o6pa30M, HTOöW BO3MO>KHOCTH H "yMeHHfl" 
napHpoBaTb Kaac^MH "^aembra" PHCK (KaK cocraBHOH aneMeHT "HToroBoro" 
pncKa) 6bUiH no BO3MOXHOCTH pacnpe^eJieHbi paBHOMepHo no BceM sTanaM 
jKH3HeHHoro HHKJia MKA,   T.e.   STO    -   cBoeo6pa3HHH   aHanor   peanH3amro 
npHHHHna    "paBHOnpOHHOCTH      KOHCTpyKUHH"    npH C03^aHHH JIK>6oH TeXHHKH. 
MTaK, npHMeHHTenbHO K MKA MOXHO BecTH pe^b o HeKOTopbix BapnaHTax 
3an;aq onTHMH3anHH nponecca co3#aHHfi H Hcnonb30BaHH5i MKA c yneTOM 
paanHHHbix (paKTopoB pncica, T.e. BecTH pe*ib o 3ajaqax ynpaBJieHHfl PHCKOM. 

ECJIH nojib30BaTbC5i 3ananHOH TepMHHOJioraeH, TO MO)KHO roBopnrb ^aace 
HecKOJibKO nrape, a HMCHHO o TOM, HTO cennac HMeHyeTCfl KaK "Risk 
Management". 



ßjiH scpcpeKTHBHoro peiueHHfl 3aÄaM TaKoro po/ja Heoöxo^HMo pa3pa6oTarb 
cooTBeTCTByiomHe MeTOÄH aHajiH3a, oneHKH H ynpaBJiemifl PHCKOM, 

öaanpyiomHecfl Ha npoHHOM H flocraTOHHO ymiBepcajibHOM HayHHOM 
4>yH^aMeHTe. 

C no3Hn;HH npHHUHna ALARA HaM npeACTaBjiüeTca, HTO jyw HccjieaoBamia 
npoöJieM pHCKa, CBjmHHbix c MKA, BecbMa nepcneKTHBHOH HBJixeTcn 
TeopeTHKO-HHtfropMaijHOHHaH koimenumr PHCKa (THKP)5, KOTOpaa c <J>H3Hqe- 
CKOH TOHKH 3peHHfl ocHOBaHa Ha paccMOTpeHHH Tpnaabi "HH(popMamui - Ma- 
TepHH (BemecTBo) - SHepriia". OäHH H3 B03MO)KHbix "pa3pe30B" npczyioxeHHofi 
Ha ocHOBe TMKP CxeMM ynpaBJieiwra PHCKOM (CYP) noKa3aH Ha pHc.l. 

BA3A 3HAHHH 
COI^HYM 

HopMbi H npaBHJia 

n 

CYBBEKT 

(JinP, 3Kcnepr) 

BCBßEMCTBHE 
(peineHHe, cHTHaji, 
npHKaa, caroaBia) 

OBBEKT 

(cpHpMa, TexHOJioraii) 

j i 

OEPATHAfl CBH3B 
v 

3 )BHH B03MemeHHa noTe] pb) 

PHC. 1 

ripeaJioxceHHbie THKP H CYP xoponio BnHCbiBaiOTCH B coBpeMeHHyio 
KOHHeriHHio npneMJieMoro pHCKa (npHHHHn ALARA),    B onpeflejieHHOH Mepe 
pa3BHBaK)T H <popMajIM3yK)T 3Ty KOHHenHHK). 

CxeMa ynpaBjieHHH PHCKOM   COCTOHT   H3   cjieuyiomHX   flByx   KonrypoB: 

a) flojirocpoHHbiH    ("cTpaTerHMecKHii",    BepxHHH)    Komyp    ynpaaJieHHfl 
PHCKOM (ZJKYP)      (BaXHeHUIHMH SJieMeHTaMH   STOrO   KOHTypa   flBJIflTOTÜI    6JIOK 

"Ba3a 3HaHHH"  H  BxoflflmHH  B Hero noaöJioK "HopMbi H ripaBHJia"); 
6)  onepaTHBHbrä ("TaKTHHecKHH", HHDKHHH) KOHTyp ynpaajieroifl PHCKOM 

(OKYP),     BaXHeHHIHMH   ÖJIOKaMH  KOTOpOrO     aBJMIOTCa     öJIOKH   (MexaHH3Mbl): 

- MOHHTopHHra  (cöopa H o6pa6oTKH HH(popMauHH); 
- npHHHTHfi peineHHe  (no KpHTepnio HCHHOCTH HHCpopMauHH); 
- B03MemeHHJi B03MO»MHX noTepb (B (popMe BapnaHTOB CTpaXOBaHHH 

H/HJIH KOMneHcaHHH ymepöa H ßp.). 
"Ba3a 3HaHHH" KaK cocTaBHaa nacTb ßKYP HBJMeTca aHajioroM Tex 6JIO- 

KOB, KOTOpbie y*ce HanuiH urapoKoe npHMeHemie B CHCTeMax HCKyccTBeHHoro 
HHTejuieKTa. 3TOT 6JIOK cpaKTHrocKH HBjraeTca "naMfiTbio" CYP, KOTopaa MoxeT 
6biTb 3(p(peKTHBHo Hcnojib30BaHa npn co3AaHHH MKA,  a HMCHHO: 



- "Ba3a 3HaHHH" (mnpnMep, B KOMnbiOTepHOM BapnaHTe) co3AaeTca Ha 
ocHOBe HaKoiuieHHoro onbrra HejioBenecTBa (BKHioHaa paKeTHO-KocMHMecKyio 
TeXHHKy):     OCHOBHbie  HOHJITHfl,     CBOHCTBa,     3aKOHOMepHOCTM,  XapaKTepHCTHKH, 
3aBHCHMOCTH, rpadpnKH, Ta6jimrbi, reoMeTpMraecKaa HHTepnpeTamw 3HaHMH, 
4)opMajiH30BaHHbie 3HaHna aKcnepTOB, cTaTHcmKa H flpyraa HHcpopMannii; 

- npOBO^HTca cHCTeMaTH3aij;HH H aHajiH3 cymecTBa MeayryHapoflHbix, 
Hau;HOHajibHbix   n   OTpacjieBbix   KOHKypcoB     pa3jiHHHbix   npoeKTOB,     aHajiH3 
TpeÖOBaHHM H peKOMeHflailHH  CHMn03HyMOB,  KOHCpepeHHHH,  CeMHHapOB H T.IL, 
aHajiH3 3aKa30B, 3anaHnn omejibHbix opraHH3annn H nacTHbix Jinn; ytcasaHHbie 
3an;aHHa, TpeooBamra, peKOMenaannn oöpaöarbiBaiOTca, cncTeMaTH3npyioTCfl, 
(popMajiH3yK)TCJi H BBOAHTCH B KOMnbioTepHyK) ceTb; 

- Ha ocHOBe Hcnojib30BaHHa MeTo^oB H cpeflcre ncicyccTBeHHoro nnrejüieK- 
Ta npoBO/nrrcfl reHepnpoBaHHe n OTöOP HOBWX TexHnnecKnx pemeHnn, KOTO- 

pbie ynoBjieTBopaiOT onpe^ejiemibiM TpeöoBamraM n orpaHHHeHHAM B Hacra Ta- 
KHX xapaKTepHCTHK,    KaK    3HeproMaccoeMKocTb,    KoacjxpnnneHT    nojie3Horo 
aeHCTBHfl, SKOJIOrHHHOCTb, HaÄeJKHOCTb, 6e30naCHOCTb, SKOHOMHHHOCTb H T.fl.    c 
yqeTOM TpeÖOBaHHM peajiH3yeMocTH, npaßa, MopajiH H T.n. 

MeTOfloJiorHHecKMe OCHOBM ynpaBjiemra PHCKOM B paMKax CYP Ha STane 
cosflamra MKA 3akjnoHaiOTCfl B arcezryioineM5. 

ITpH  npoBe^eHHH  pa6oT  no   aHajiH3y   Bum,   nocjieflCTBHH   (npnnnH)   MC 

KPHTHTOOCTH 0TKa30B (ABIIKO, Failure Mode, Effects and Criticality Analysis - 
FMECA) KaxcflbiH BHä OTKa3a (HencnpaBHOCTH, HenrraTHon CHTyannn - H111C) 
jyw    MKA    paHÄHpyeTCfl    c    yqeTOM    cjiezryioinnx    «Byx    cocTaBjnnonnix 
KpHTKRHOCTH: 

- BepOOTHOCTH (HUH HaCTOCTH) oTKa3a; 
- TiDKeCTH nOCJieflCTBHH OTKa3a. 
Pe3yjibTaTbi aHanH3a peKOMeH/ryeTCfl npe^cTaBJMTb B BH#e cnennajibHbix 

Taöjinn,  coflepacamnx nepe*mn: 
- cncTeM (oöopyaoBamw), arperaTOB, y3JioB n T.J\.\ 

- BH^OB (THnOB)   H   npHHHH B03M0XHWX OTKa30B; 
- ^aCTOTbl,   nOCJieÄCTBHH,    KpHTHHHOCTH OTKa30B; 
- cpe^cTB oOHapyiKemw OTKa3a, HencnpaBHOCTH, HIIIC; 
- peKOMeH#auHH no yMeHbuieHHio onacHocTH n flp. (npn HeoöxoßHMocTH). 
B    Taöjinne    ABIIKO    npHBe^eHa   TnnoBaa    Marpnna    "BepoflTHOCTb - 

TiDKecTb nocjieACTBHn",   B  Koxopon   coflepxaTC»   peKOMemryeMbie   noKa3aTejin 
(HHfleKCbl)   ypOBHH   H   KpMTepHH   KpHTHHHOCTH   no   BepOflTHOCTH    (BejIHHHHbl    - 
ycjioBHbie)  H TaxecTH nocjieACTBHH oTKa3a (HencnpaBHOCTH, coöbiTna, HIIIC). 

B Ta6jinne "ABIIKO" ncnojib30BaHbi cjie/ryioiirHe o6o3HaMeHjra: 
A -  o6a3aTejibHbi aHaiiH3 pncxa H ocoöbie Mepbi JUW CHHrateHiw pncxa; 
B  -  nejiecooÖpasHbi aHajiH3 pncKa n Mepbi pjvi cHnxceHira pncKa; 
C  -  acejiaTejibHbi aHanH3 pncxa n nacrabie Mepbi äJM CHioKeHHfl pncxa; 
D  -  npnrorrae AonojiHHiejibHbix Mep no cHH^ceHnio pncxa He TpeöyeTca. 
Taöjnma "ABIIKO" 
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PHCK-aHajiH3 fljia MKA no peKOMennyeMon cxeMe (BKJiKwafl ABHKO) 
cjieflyeT npoBo#HTb npe>Kfle Bcero no oTHomeHHio K HanÖojiee onacHHM HIIIC, 
KOTopbie Moryr 3aTpyn;HHTb BbinojmeHne nocTaBJieHHbix nepeß MKA sa^an. 

Ilpn aHajiH3e BepoflTHocxn (P) peajiH3annn (napnpoBaHHfl) BO3M05KHOH 

HLUC (HJIH B03MoxHoro CO6HTHH, BapnaHTa), MO>KHO Hcnojib30Baxb, HanpnMep, 
Ka^ecTBeHHyK) uiKajry co cjie^yioinHMH mm>K) ypoBHflMH P fljia 
cooTBeTCTByromnx H1IIC    (5-n ypoBeHb   -    caMaa Majiaa BepoflTHocTb,  1-n   - 
caMaJi öojibuiaa): 

5:   HIIIC  npaKTHMecKH HCBOSMOXCHO npejjpTBpaTHTb; 
4: HLÜC npaKTHraecKH HCBO3MOXHO napnpoBaTb, HO Moryr 6wTb 

npejiycMOTpeHbi n Hcnojib30Banbi cnocoöbi Bbixojia H3 HIIIC; 
3: HIIIC MOXHO npe^OTBpaTHTb, HO TpeoyiOTCu ^onojiHHTejibHbie 

MeponpiMTiw no pa3pa6oTKe CHOCOöOB H/HJIH cpe/jcTB napnpoBaHiM HIIIC; 
2:   HIIIC, KaK npaBHJio, upeflOTBpamaeTca n napHpyeTca; 
1:   HIIIC  ycneniHO npeaoTBpamaeTca. 
AHajiH3 CTeneHH raxecTH B03MO)KHbix nocjieflCTBnn (W) peKOMennyeTCJi 

npoBO^HTb, HanpnMep, B cooTBeTCTBnn c noKa3aHHon Hirace Taöjrnnen "W", 

r,ne: 
TEX - TexHH^iecKHH acneKT ynpaBJieHiw PHCKOM ("nporpaMMaTHKa" n Jip.); 
n-r -  acneKT cooTBeTCTByiomero HnaH-rpacpHKa; 
CT -  CTOHMOCTHOH acneKT ynpaBJieHna PHCKOM. 
3jieMeHTbi MaTpnnw OT All flo A35 pacnin<ppoBbiBaiOTCfl, HanpnMep, Tax: 
All:  MHHHMajibHbie npoöjieMbi HJTH HX HeT coBceM; 
A12:   yMepeHHbie HSMeHeHPW (Meponpnjrrafl); 
A13:  3aMeTHbie, HO npneMJieMbie H3MeHeHHfl; 
A14:   cymecTBeHHbie H3MeHemw; 
Al 5:  HenpneMJieMHe H3MeHeHH*i, HO cymecTByiOT ajibTepHaTHBbi; 
A21:   MHHHMajibHbie H3MeHeHna HJIH HX HeT coBceM; 



A22: TpeöyiOTCJi ^onojiHHTejibHbie ÄeHCTBHfl, KOTopwe yzjoBjieTBopaiOT 
HeoöxoflHMOMy cpoKy; 

A23:  cpoK OTO^BHraeTca npHMepHO Ha Mecan; 
A24: cpoK OTO/jBuraeTCfl ropmjio 6ojibine, neM Ha Mecsm,, HJIM B03HHKaeT 

onacHocTb HeBbinojmerora paöoT B cpoK; 
A25 
A31 
A32 
A3 3 
A34 
A35 

npaKTHHecKH H6B03MO}KHO peajiH30BaTb B cpoK; 
CTOHMOCTb npaKTHHecKH He MemieTca; 
cTOHMocTb HecKOJibKo B03pacTaeT (npHMepHO #0 5%); 
CTOHMOCTb B03pacTaeT npHMepHO Ha 10%; 
CTOHMOCTb B03pacTaeT npHMepHO Ha 20%; 
CTOHMocTb B03pacTaeT cymecTBeHHO öojibine 20%. 

TaöjiHua "W" 

AcneKTbi 
. aHajiH3a 

Crenem. rascecra B03MOXHbix nocrre/jcTBHH 
1 2 3 4 5 

TEX 

n-r 
CT 

All 

A21 

A31 

A12 

A22 

A32 

A13 

A23 

A3 3 

A14 

A24 

A34 

A15 

A25 

A3 5 

riocjie npoBe^eHHoro KOMiweKCHoro aHajiH3a CTpoHTca MaTpnna "P-W" 
(CM. pHc "P-W", r,a;e no BepTHKajiH - P, no ropH30HTajiH - W), aneMeHTbi 
KOTopoH cooTBeTCTByiOT cjieAyioiiiHM paHraM oöoömeHHoro (HToroBoro) pHCKa: 

CD — oneHb MajibiH PHCK; 
— cpemmvi PHCK; 
— OHeHb 60JIbUI0H pHCK. 

) 
i 
] 
l 
L 

w 

PHC. "P-W" 

C TOHKH 3peHHH sa^aH coBMecTHoro (pyHKHHOHHpoßaHHfl ,3,KyP H OKYP 
HHxe paccMOTpeHa Mo^ejib Macc-onTHMH3anHH (MMO), KOTOpaa corjiacyeTca 
c HaeflMH BepoaTHOcTHoro npoeKrapoBaHHa H anHonTHMroanHH1 #Jia MKA. 

Moztejib Macc-onTHMH3anHH (MMO-) 

B nponecce CO3JXQHHS{ MKA öojibmyio noMomb KOHcrpyicropy Moryr 
0Ka3aTb onpeflejieHHbie 3aBHCHMOCTH THna "pncK-Macca" ("Ha#e>KHOCTb-Macca", 
"6e3onacHOCTb-Macca" H T.n.) njw pa3JiHHHoro BHfla CHcreM, arperaTOB, y3ji0B 
(3T0    -    OÄHH H3 ÖJIOKOB "Ba3bl 3HaHHH"). 



HccjieaoBaHHfl noKa3MBaioT, HTO B HeKOTopbix cjiynaax TaKHe 3aBHCHMoc™ 
MoryT 6bm> nojiyneHM SMnnpHHecKH nyreM CHCTeMaTH3auHH H o6o6iu,ero«r 
onbiTa co3^aHiM H3,a;ejiHH KOHKpeTHoro Kjiacca. B ^acTHOcra, MOJKHO 

OTMeTHTb      CJieayiOmHH      pe3yjIbTaT: fljm      BblCOKOHafleiKHblX      KOHCTpyKHHH 
HeKOTOpblX THnOB H3flejIHH KOCMH^eCKOH TeXHHKH HMeiOT MÜCTO npaKTHHeCKH 
JIHHefiHbie   3aBHCHMOCTH   MaCCW   (Beca)   KOHCTpyKUHH   OT  JIOrapH(|)Ma  BeJIHHHHM 
ocTaTOHHoro pHCKa ("HeHaflexcHocTH" KOHcrpyKiiHH). 

B pe3yjibTaTe cHCTeMarH3aHHH H craTHCTHHecKOH o6pa6oTKH MaccoBo- 
ra6apHTHbix, SHepreTHMecKHX H apyrax xapaicrepHCTHK KA pa3jiHraoro KJiacca 
öbiJiM nojiyneHbi sMnnpHHecKHe cooTHomeHHfl Mexcsy MaccoH KA H MaccaMM 
(OTHOCHTejIbHMMH MaCCaMH) KOHCTpyKUHH H 6opTOBbIX CHCTeM KA. B Kaqecrae 
npHMepa B TaÖJinue "M" npefleraBJieHbi HTora cTaracTHHecKoro aHara3a 
(3HaneHi«i oTHocHTejibHbix Mace B npoueHTax - %) äJW flecOTH ranoB KA, 
KOTopbie jaHbi HHxe no« ycjioBHbiMH HOMepaMH OT Nsl j\o N2IO). 

B xaöjiHue "M" ncnojn>30BaHbi cjie^yioiuHe ycjioBHbie o6o3Ha*ieHH5i: 
K-a  - KOHCTpyKipw; 
CYJX  -  cHcxeMa ynpaBjiemw xjBioKeHHeM (BKJiro^aa flBHrarejni); 
CSU  -  cHCTeMa 3Hepro(3jieKTpo)nHTaHHa; 
CYBK  -  CHcxeMa ynpaBjieHHa 6opTOBbiM KOMnjieKcoM; 
KP3C  -  KOMiraeKC paflHoajieKTpoHHbix CHCTeM; 
COTP  -  CHCTeMa o6ecneneHHii TeiuioBoro pexHMa; 
,Ujp. - Äpyrae 6oproBbie CHCTCMW H o6opy,«oBaHHe; 
Cp  -  cpe/jHHe 3HaneHH5i AOJieii Mace (B npoueHTax  -   %). 

TaöJiHua "M 

No KA K-fl CYJX C9I1 CYBK KP3C COTP JXv 
1 23 21 18 17 12 4 5 
2 18 23 19 15 14 5 6 
3 21 20 21 14 11 7 6 
4 35 18 10 16 12 4 5 
5 41 13 12 11 13 6 4 
6 36 15 13 12 11 9 4 
7 34 14 14 15 10 8 5 
8 37 15 13 12 11 6 6 

9 35 16 14 11 10 8 6 
10 32 17 11 13 9 11 7 

Cp 31,2 17,2 14,5 13,6 11,3 6,8 5,4 

Pe3yjibTaTbi npoBefleHHoro 3MmipHKO-CTaTHCTHHecKoro aHajiH3a no3BOJiHJiH 
TaiQKe onpe^eJiHTb perpeccHOHHbie 3aBHCHM0cra (oTHocHTejibHon) Maccw KA 
cooTBeTCTByiomero KJiacca (rana)  OT flpyrax ero xapaKTepHCTHK,  TaKHX KaK: 

- (OTHOCHTeJIbHbie) MaCCbl KOHCTpyKUHH H 6opTOBWX CHCTCM; 

- (OTHOCHTeJIbHbie) oöbeMbi paanHMHbix OTceKOB; 
- ynejibHbie nnoTHocTH KOMHOHOBKH H äP- 
TaKoro po^a 3aBHCHMocTH Moryr 6biTb Hcnojib30BaHbi npH co3,aaHHH MKA 

(c uejibio onpeae^eHHH pauHomuibHoro o6jiHKa H KOMHOHOBKH MKA). 
ßjin cnpaBKH yxaxeM HeKOTopwe MaccoBO-ra6apHTHbie xapaKTepncTHKH 

poccHHCKo-repMaHCKoro MKA "MHcneKTOp", KOTopbrä 6MJI ^ocTaBJieH K OK 
"Mnp" C noMombio TpaHcnopTHoro rpy30Boro Kopaöjia (TrK) "üporpecc   M- 



36" H BbiBefleH B KOCMOC 17.12.97 H3 TpaHcnopTHo-rpy30Boro KOHTeHHepa TFK 
(nocjie OTCTbiKOBKH TrK or OK "Mnp"): 

72 Kr  -  Macca MKA "HHcneKTOp"; 
56 x 93 CM  -  raöapHTH MKA B cpopMe mecrarpaHHOH npH3Mbi. 
IloMHMo SMnnpHHecKHX 3aBHCHMOCTeH npH co3flaHHH MKA Moryr 

OKa3aTbC5i nojie3HbiMH MeTOflojiorwqecKHe npHHijunbi H MOflejra, no3BOjunomHe 
onpeaejMTb 3aBHCHMocra THna "pncK-Macca", peiuaTb 3aaaHH HopMMpoBaroifl H 
onTHMH3aiiHH pwcKa (HajiexHocTu, 6e3onacHocTH, acHBynecTH H T.n.). 

JXJW peineHHfl yxaaaHHbix 3aaan HaMH pa3pa6oTaHa MeTcmojiormi, B OCHOBY 
KOTopoH nojioxeHa THKP npw HeKOTopwx ynpoinaiomHX npeflnojioxemrax - 
TaK Ha3biBaeMaa "Mo,o,ejib Macc-onTHMH3auHH" (MMO)2, KOTopaa 6a3HpyeTca 
Ha   Hcnojib30BaHHH   npHHUHiioB   H   cpopMajibHoro   annapaTa   CTaracraraecKOH 
CpH3HKH'     H      TepMOflHHaMHKH. 9Ta      MO^eJIb     flOBe/jeHa     ÄO      KOHKpeTHbK 
cooTHOineHHH, KOTopbie Moryr Hcnojib30BaTbCü Ha npaKTHKe. M3 MMO npH 
onpe^ejieHHbix ycjioBHHX BbrreKaeT, B HacraocTH, JiHHeHHaa 3aBHCHM0CTb Maccbi 
M3,u;ejijw OT JiorapHCpMa ocraTo*moro pHCKa (ypoBHü "HeHauexHOCTw", 
onacHocTH   H  T.n.),   T.e.   pe3yjibTaT,   aHajiorwMHbrä   TOMy,   KOTopbrä   nojiyqeH 
SMnHpH^eCKH. 

Pa3pa6oTaHHaa <pH3HKO-cTaTHCTOraecKafl Mo^ejib "pHCK-Macca" (HUH 
MMO) no3BOJweT nejreHanpaBjieHHo cTpeMHTbca K (popMHpoBaHHio 
"paBHonpoHHoro no HaflexHocTii" ("paBHopacnpeflejieHHoro no pncKy") oojiraca 
MKA. 

QzniH H3 BapnaHTOB MMO MOXHO noacHHTb cnejiyiomMM o6pa30M.  IlycTb: 
m = Zi rtlj  -  Macca H3,o;ejiira (MKA) B nenoM; 
mj  -  Macca i-oiä cocraBHOH nacTH (arperaTa) H3,n,ejiH5i; 
Rj   -  pHCK ("HeHaflexHocTb") i-oH qacTH H3flejnw; 
©ik - flojui Maccbi, nepeaasaeMOH OT i-on K k-oii Macra H3ztenHii. 
IlycTb Macca i-ro arperaTa ycjioBHO pa3ÖHTa Ha j nacTefi (j = 1, 2, ... , n). 

npe^nojioxcHM, HTO OT i-ro arperaTa OTHHMaeTCJi flojia 0^ BHyrpeHHeH Maccbi H 

ZloöaBJiaeTca k-My arperaTy. IlocKOJibKy Q^ Bbipa:>KaeTca B aojiax, TO \Q^\ < 1, 
npnqeM öy^ c^HTaeTca nojioatoiTejibHbiM, ecjin Macca nepe^aeTca OT i-ro arperaTa 
B  k-WH,  M  oTpHHaTejibHbiM  -  B o6paTHOM cjryiae. 

Tor^a   NVL    BblCOKOHa^ejKHblX    H3,fl,eJIHH    aJiropHTM    MHHHMH3aUHH    pHCKa 
(MaKCHMH3anHH HaflexHocTH) onpeaejiaeTCii cjie^yioinHM BbipaxeraieM: 

{(rrijOV InRj} {Rj I- 0 + Z*Q* (^M))! - 1} = 

{(mOV InRi} {Ri I" 0 + ^ 9* (Wmi))] _ {y 

TaKHM    o6pa30M,   KaxmoMy   Haöopy   BHyrpeHHHX   Mace   arperaroB   lTlj, 
KOTOpbie     y^OBJieTBOpHlOT    COOTHOUieHHK)     Si IM-i =     Itl,     COOTBeTCTByeT    TaKaa 
MarpHua PijH, HTO npH BbinojmeHHH nojiyqeHHoro ycjioBmi HaneacHocrb 
H3^,ejiHii MaKCHMajibHa. 

PaccMOTpHM MacTHbrä cjiynaH, Koiyja H3ReimQ COCTOHT H3 jjpyx 
"nocjie^oBaTejibHO  coe,n;HHeHHbix"   arperaTOB    npHMepHo   oziHHaKOBOH  Maccbi 
(mi «   III2),   npH   3T0M   0i2 = 0 = - ©21- 

Tor^a ycjioBHe onTHMH3anHH Ha^e^oHocTH H3flejHM 3anHiiieTC5i  B BH^e: 
InRi {R2t- (1 + e)l - 1} =  lnR2 {Ril- <» " 9)1 - 1}. 



JfylH ÖJIH3KHX 3HaHeHHeH  Rl  H  R2    MOJKHO JierKO  BfalHHCJIHTb BejIMHHy  0. 

HanpHMep:  ecjiH  R2 = 0,010, R2 = 0,011,  TO  9  * 0,01; 

ecjiH  R!=0,10,   R2 = 0,11,     TO  8  -0,023. 
TaKHM o6pa30M,  fljia onTHMH3au,HH HaflexHocTH H3«ejraa cjie^yeT nepe^aTb 

OT    mjK   IH2     cooTBeTCTBeHHo npHMepHo     1%  H  2,3%     Maccti  nepBoro 

arperaTa. 
Pa3pa6oTaHHaa MMO 6biJia Hcnojib30BaHa HaMH äJIH peuieHiM MflaHH 

pamioHajibHoro nepepacnpeflejieHiw Mace flBHraTejibHbix ycTaHOBOK (fff) MKA, 
KOTopbiH MOJKHO sanycKaib c 6opra MexayHapoÄHOH KocMiwecKoft cramiHH 
(MKC)   H   KOTOpblH   M03KHO   yCJIOBHO   Ha3BaTb   KaK   MKA-KOHTpOJIJiep    (TaKOH 
MKA    oöopyaoBaH     BH/jeo-annapaTypoH    jyw     npoBe^eHiw     KompojfbHbix 

HaöüiofleHHÖ). 
cl)H3HHecKaa nocTaHOBKa yKasaHHOH 3a#aHH H HHTepnpeTau,HJi pe3yjibTaTOB 

ee peiueHHH KpaTKO COCTOOT B cjie^yiomeM. 
Heo6xoflHMO npoBecTH aHajiH3 paHHOHajibHoro nepepacnpeflejierow Mace 

#y oTOeJibHbix cocTaBHbix Hacrefi (6JIOKOB) MKA ana oöjieTa MKC. FIpH STOM 

cTpyKTypa RY Ka^flOH cocraBHoft nacra (CM) MoxeT ÄonycxaTb oTKa3 o#Horo 
min HecKOjibKHX H3 aBHrareJieH. riepepacnpeÄejieHHe Mace äOJKKHO 6biTb 
HanpaBJieHO Ha MaKCHMM3ain«o Haz*e>KHocTH MKA. B npouecce peuieHHH 
3JwaqH 6biJiH paccMOTpeHH cjie,zryiomHe BapHaHTbi cTpyKTyp MKA H ero cxeM 
nojieTa. 

MKA COCTOHT H3 Tpex 6JIOKOB. CHa^iajia c 6opTa MKC BbiBOAHTca 1-n 
6J10K (1-ü CH MKA); 3areM BbiBojjOTca coBMecrao 2-H M 3-H 6JIOKH (2-H CH 
MKA). B flaJibHeftmeM npoMcxo^HT cöopKa Ha opÖHTe cocTaBHbix MacTefi. ECJIM 

no KaKHM-JiHÖo npiWHHaM cöopKa He yaajmcb, TO npoH3BO#OTCfi noBTopHbie 
nonbiTKH nyreM Hcnojib30BaHHfl 3anacHbix coeraBHbix naeren MKA. 

Bo3MO)KeH TaiOKe BapnaHT napajuiejibHOH c6opKH 2-x oflHHaKOBbix MKA Ha 
opÖMTe. B cocTaße RY Kaamoro 6jioKa flonycicaeTCfl OTKa3 o^Horo ^BHraTejia 
(arperaTa). riocjie OTKa3a flBHraTejra BpeMü pa6oTbi ocTajibHbix ^BHraTejieH 
HecKOjibKo yBejiHHHBaeTca (6HJIH paccMOTpeHbi BapHaHTbi RY c HHCJIOM 

^BHraTejieii cooTBeTCTBeHHo 2, 3, 4). 
B Tex cjiyqajix, Kor/ja nepepacnpe^ejiHTb Maccy npaicrcrqecKH CJIOXHO, 

HcnojibsoBaHHe MMO HOMoraeT onpe^ejiHTb, Kaxne cocTaBHbie Macra Hanoojiee 
uejiecoo6pa3HO Hcnojib30BaTb jajm peajiH3au,HH cnocoöoB H cpe^cTB Bbixozja H3 
B03MOJKHbIX HeiUTaTHblX CHTyaHHH. 

PaccMOTpHM pe3yjibTaT penieroia s&jwm ZUM nacTHoro cnyMaa MKA, 
KOTopbiH COCTOHT H3 2-x cocTaBHbix ^acren (C4): CHi COCTOHT H3 o^Horo 
6jioKa (BJIi);   CH2 COCTOHT H3 #Byx 6JIOKOB  -  BJI2 H  BJI3. 

Ilocjie aocTaBKH CHb a 3aTeM CH2 B 3aÄaHHoe MecTO npoH3BOßHTC5i 
cpopMHpoBaHHe MKA nyreM c6opKH CH (BepoaraocTb cöopKH ycjioBHO 
ncwiarajiacb paBHöH efliirome). B cjiynae Hey^aTOofi aocraBKH MoryT 
ÄOCTaBjWTbca 3anacHbie CH. Ka>K#biH i-bin 6JIOK (BJIi, i = 1, 2, 3) BKJiioqaeT lij 
arperaTOB, npn STOM JIK>6OH BJIJ oeraeTCfl pa6oTocnoco6HbiM, ecjiH B HeM 
npoHCXoflHT OTKa3 He öojiee OäHOTO arperaTa. npeflnojiaraeTca, HTO BejiHMHHbi 
HaaexHOCTH   arperaTOB   H3BecTHbi   (arperarbi   oflHoro   6noKa   npe^nojiaraioTca 
paBHOHa^eXHblMH). 

PeiueHHe TaKOH nacTHOH 3aflaHH c noMomwo MMO (npn onpeflejieHHbix 
orpaHH^eHHax) no3BOjiHJio, B MacTHocTH,   onpeflejiHTb  cjie^yiomee: 



- Ha^eacHocTb 2-ro H 3-ro öJIOKOB MKA 3aBbinieHa (Ha/j,e:>KHOCTb 1-ro 
6jioKa 3aHHxeHa), T.e. BbiöpaHHbift cnoco6 oöecneneHiw nüRemiocTiÄ 
HeonTHMajieH; 

- ecjiH  nepepacnpe,n,e.JiHTb  Maccy   (HaaejKHocTb)   MejKjxy  6jioKaMH   MKA 
3aTpy^HHTejIbHO,    TO    BWXOfl    H3    B03M03KHbIX    HenrraTHbix    cmyanHH    (HUIC) 
HaHÖojiee uejiecoo6pa3HO opraHH30BaTb Ha ocHOBe 3-ro ÖJioxa. 

^onojiHHTejibHO oxMeTHM cjie/jyiomee. ECJIH nojib30BaTbca TepMHHOJiorHeH 
Ha coßpeMeHHOM "ü3biKe" ynpaBjieHiw PHCKOM (Risk Management), TO MOJKHO 

CKa3aTb,     HTO     peKOMenaamüI     OTHOCHTejIbHO     HCnOJIb30BaHH*F     B03MO»CHOCTeÖ 
Bbixoaa H3 HUIC HBJiaeTca KOHKpeTHbiM npHMepoM cnocoöa ("HHcrpyMeHTa") 
ynpaBJieHHa PHCKOM npn npaKTMHecKOM npHMeHeHHH annapaTa MMO. 

Moaejih MHHHMH3auHH cvMMapHoro pncKa (MMCP) 

no HauieMy MHeHHio, ßjia MKA BecbMa nepcneKTHBHbiM «BjüieTCfl 
Hcnojib30BaHHe    MO/JtejiH    (ajiropiiTMa)    MHHHMH3anHH    cyMMapHoro    pncxa 
(MMCP)  SKCnepHMeHTajIbHOH  OTpaÖOTKH  (B HaCTHOCTH, JieTHWX HCnblTaHHH)  H 
nejieBoro npHMeHeHHH MKA H ero cocTaBHbix nacTen. (PopMajibHyio nocTaHOBKy 
3aflaqn TaKoro po/ja MOJKHO KpaxKo H3JioxHTb cjie/jyioiuHM o6pa30M3. 

/],onycTHM, HTO ÄJüi npoH3BojibHoro MKA HJIH ero cocraBHOH naera 
("HsaejiHjr", HJIH "H") paccMaTpHBaioTca cjie/xyioinHe ero xapaKTepncTHKH: 

Z -     HHCJIO   3aHeTHbIX   (HJIH   nOÖOHHWX   JieTHWX)   6e30TKa3HbIX   HCnblTaHHH 
"H"; 

s -  oömee HHCJIO nejieBbix "M"; 
r - HHCJIO pe3epBHbix "H" B cocTaße nejieBbix "H" (T.e. r e s); 
p -   "HajjexHOCTb" (BepoHTHOCTb 6e30TKa3HOH pa6oTbi) "H"; 
Pz -  BepoHTHocTb 6e30TKa3Horo npoBe/j;eHHfl Bcex 3aneTHbix HcnbrraHHH; 
Ps - BepoflTHOcTb ycneuiHoro BbinojiHeHHü Bcex nocraBJieHHbix 

nporpaMMOH 3a/j,aH npn nejieBOM npHMeHeHHH "H" (Been "uenoHKH" nojieTOB); 
R - "cyMMapHbiö PHCK", i.e., B nacTHOCTH, BepoüTHocTb TaKoro coöbiraa, 

Kor/Jta 3aiieTHbie HcnbrraHHü 6yayT npoBeAeHbi ycneniHO, a 3ajj;aHM, 
nocTaBJieHHbie nporpaMMOH npn nejieBOM npHMeHeHHH "M", He öy/iyr 
BbinojiHeHbi nojiHocTbio (ßejiHHHHy R MOJKHO TaKxe Ha3bmaTb B flajibHennieM 
npocTo "PHCKOM"). 

Tor^a BbipaxeHHH RJW  PZ, PS, R MOXHO 3anHcan> B cjie/xymeM BH/j,e: 
Pz = Pz;  Ps = Ek Qkp(s-k) (1 - p)k= Sk [s! / k! (s - k)!]p(s-k) (1 - p)k; 
R = Pz {1 - Zk [s! / k! (s - k)!] p(»" k) (1 - p)k}, (I); 
(k = 0; 1; 2; ...; r). 
ECJIH BapbHpoBaTb 3HaneHH5iMH napaMeipoB z, s, r B BbipajKeHHH (I) JUW 

R, TO MOXHo onpe^ejiHTb TaKoe "onTHMajibHoe" coneTaHHe yKa3aHHbix 
napaMeTpoB (T.e. "onTHMajibHoe" pacnpe^eJieHHe HHCjia "H" Ha 3aHeTHbie, 
HejieBbie   H   pe3epBHbie),    KOTOpoe    6yn;eT   cooTBeTCTBOBaTb   MHHHMaribHOMy 
3HaMeHHK»   R  (Rmin).    AHajIH3  3aBHCHMOCTH   (I)   (R  OT p)  nOKa3bIBaeT,   HTO flJW 
jiioöbix peajibHbix 3HaneHHH napaMeipoB z H s cymecTByiOT TaKHe 3HaHarora 
p = popt, npH KOTopwx flocTHraeTca MaKCHMajibHoe 3HaneHHe "pHCKa" - Rmax. 
TaKoe 3HaneHHe Rmax MOXHO ycjioBHo npnmiTb B KanecTße "rapaHrapoBaHHOH" 
("HaHxyunieH") oneHKH JJ,JIJI "pncKa" (nocKOJibKy cpaKranecKoe 3HaHeHHe R 
npn aaHHbix z H s He MOLKST npeBbicHTb 3HaneHHii Rmax c yBepeHHOCTbio B 

100 %,  T.e.  rapaHTHpoßaHHo). 



JXJUI MacTHoro cjiynafl oTcyTCTBiw pe3epBa JXW. "H" 3Ha^eHHe p = popt 

MOJKHO HaftTH H3 cooTHomeHH5i öR/öp = 0, oTKyfla Rmax = [z/(z + s)Jz/s[s/(z + 

s)]. 
Tenepb paccMOTpHM oöiinrii cjiynaii. 06o3Ha*fflM nepes sM MHHHMajibHoe 

TOCJIO uejieBbix H3ÄejiHH (sM < s), Koropwe äOJEKHM BbinojiHHTb uejieBbie 3aÄaTO, 
a nepe3 s (KQK H paHee) - HHCJIO Bcex uejieBbix "H".     ^   ^ _ 

Toraa MaKCHMajibHoe HHCJIO pe3epBHbix uejieBbix "H" cocTaBHT r - s - sM. 
B 3TOM cjiyqae onpefleneHHe 3HaneHHH popt H Rmax aHaiiHTHHecKH (T.e. 

nyreM penieHHfl CHCTCMH ypaBHeroffl (I) H SR/Sp =0) npaKTjraecKM 
HeB03MOXHO, nocKOjibKy nPM sM>2 yxaaaHHwe ypaBHeHHH npHoöperaror 
TpaHCHeH^eHTHyio (popMy, H HBHoe HX pemeraie oTHocHTejibHo Rmax He 
cymecTByeT.   FIosTOMy npHxo/mrca npHOeran» K -mcjieHHOMy (KOMnbioTepHOMy) 

aHajiH3y. 
D,ejibK» 3Toro HHCjieHHoro aHajiH3a B HTore AQJDKHO cTaTb onpeaejieHHe 

TaKOH        COBOKynHOCTH       3HaH6HHH        napaMCTpOB       3JWaHH,        KOTOpHe        6bl 
cooTBeTCTBOBajiH MHHHMajibHOMy 3HaMeHHK) "cyMMapHoro pHCKa",   T.e.   -   mm 

maX flpoBefleHHbiH racjieHHbiH aHajiH3 noKasaji, MTO äJW "onTHMaJibHbix" 
ruiaHOB (cTpaTerHH), cooTBeTCTByiomHX min Rmax, cymecreyiOT ciieflyromne 
sMnnpHHecKH HaHÄeHHbie ("B nepBOM npHÖJiHxeHHH") saBHCHMOCTH    (me    - 

sopt * 1/2 (n + sM - 1);  ropt « 1/2 (n - sM - 1);  zopt » 1/2 (n - sM + 1); 
z0pt + 1/2(SM - 1)  -  ropt+ l/2(sM + D  * Sopt" l/2(sM - 1)  *  n/2. 
ripHMep COBOKynHOCTH napaMeTpoB sM, n, s, z, r, Rmax (B TOM qncjie 

min Rmax) npHBe^eH RJISI HiuiiocTpanHH B TaöJiHue "R". 
HcnojibsoBaHHe MMCP no3BOjweT cflenarb cjieflyioiiBiH BajKHbifi BHBOA: 

Hajmroc    na^e    ojHoro    perepimoro    MKA    ("H") npn    BbinojiHeHHH 
nocTaBJieHHbix nepefl "rpymrapoBKOH" MKA sajxan cymecraeHHO CHtracaeT pncK 
BbinojiHeHHH HejieBOH 3ao;a*m (samna o^Horo nojieTa),   npiraeM mer BejiHrnroy 
pHCKa,     KOTOpafl     B OOJIblUHHCTBe     CJiy^aeB 6jIH3Ka K MHHHMaJlbHOMy 
"cyMMapHOMy pncKy". 

TaöjiHua "R' 

SM n s z r "■max 

2 5 2 3 0 0,1859 
3 2 1 0,1287  => min 
4 1 2 0,1975 

7 2 5 0 0,1232 
3 4 1 0,0519 
4 3 2 0,0402  => min 
5 2 3 0,0539 
6 1 4 0,1339 

10 2 8 0 0,0813 
3 7 1 0,0219 
4 6 2 0,0098 
5 5 3 0,0068  => min 
6 4 4 0,0069 
7 3 5 0,0102 



10 

10 13 

15 

8 2 6 0,0233 
9 1 7 0,0905 
5 3 0 0,3470 
6 2 1 0,2884  => min 
7 1 2 0,3869 
5 5 0 0,2564 
6 4 1 0,1476 
7 3 2 0,1286  =>inin 
8 2 3 0,1602 
9 1 4 0,2941 
10 3 0 0,4955 
11 2 1 0,4517  => min 
12 1 2 0,5541 
10 5 0 0,4328 
11 4 1 0,3484 => min 
12 3 2 0,3668 
13 2 3 0,5021 

TaKHM    o6pa30M,    npejjjiaraeMaa    aBTopaMH    MeTOfloJionw    ynpaBjiemM 
pHCKOM      MOJKeT     3<p<peKTHBHO      HCnOJIb30BaTbCiI      B      npOIi;eCCe      C03flaHH«      H 
npHMeHerow MKA. 
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Here the methodology (concept and scheme) of the risk assessment and management at 
all stages of life cycle of small satellite is stated, the following perspective for small satellite 
technology and/or missions (SSTM) principles and models are considered: 

- Principle of reasonable (acceptable) risk (Principle ALARA); 
- Model of Masses-Optimizations (MMO); 
- Model of Total Risk Minimization (MTRM). 
The original outcomes of researches of the authors are stated and they are illustrated 

with the typical examples of the Risk Assessment and Management for SSTM. 

Principle ALARA 

Today for a solution of various problems connected with the analysis of technology risk, 
the concept of zero risk and the concept reasonable (acceptable) risk are widely used. Lately 
for a label of these concepts the last years abbreviations AL APA and ALARA, accordingly, are 
more often used and are interpretated as: 

ALA (P) RA = As Low As (Practically) Reasonably Achievable. 
As the risk in practice is not equal to zero, there is a necessity of determination of an 

allowable risk level. This allowable level can be treated as a reasonable (acceptable, rational 
etc.) risk level. It is necessary to take into account, that the "final " risk level is a result of a 
plenty of the diverse factors, of which the measure (degree) of indeterminacy is distributed 
irregulary among the stages of life cycle of technical objects. 

It is useful to organize the process of creation and use of small satellite (SS) (small 
satellite technology &/or missions - SSTM) so that possibilities and "skills" to parry each 
"private" risk (as a component of the "final" risk) were whenever possible distributed evenly 
uniformly among the all stages of life cycle SS. This is, in fact, the analog of a principle 
"equally-reliable construction " for want of creation of any engineering. So, with reference to 
SSTM, it is possible to speak about problems of the risk assessment. 

For the effective solving of this kind of problems it is necessary to develop the 
appropriate methods of the risk asssessment (analysis, evaluation) and risk management basing 
upon the strong and rather universal scientific foundation. 

From the vew of a principle ALARA we think, that for a research of problems of risk 
connected with SSTM the Theory-Information Concept of Risk (TICR) is rather perspective. 
From a physical point of view it is based on a triad "an information - substance (material) - 
energy ". One of the possible "slits" offered on the base of TICR (of the Control Risk Circuit - 
CRC) is shown on picture 1. Offered TICR and CRC are well entered into the modern concept 
of reasonable risk (principle ALARA), they develop and formalize this concept. 

The Control Risk Circuit (CRC) consists of the following two outlines: 
1) Long-term ("strategic", upper) outline of risk management (LORM) (major elements 

of this outline are the block "a Knowledge Base" and the subblock - "the Norms and Rules"); 



2) Operating ("tactical", lower) outline of risk management (OORM), the major blocks 
("mechanisms") are: 

- Monitoring (tax and information processing); 
- Decision-making (on a criterion of an information value); 
- Reimbursement of possible losses. 
"Knowledge Base" as the constituent LORM is analog of those blocks, which already 

have found broad application in systems of an artificial intelligence. This block actually is 
"memory" CRC, which can be effectively used for want of creation SSTM. 

The methodological foundations of risk management consisting in the CRC frameworks 
at a stage of the SS creation are following5. 

For want of realizations of FMECA (Failure Mode, Effects and Criticality Analysis) each 
failure mode (malfunction, of-nominal situation - ONS) for SSTM should be conducted with 
allowance for the following two components of criticality: 

- Probability (or frequency) of failure; 
- "Weight" of failure consequences. 
The risk-analysis (the risk assessment) for SSTM under the recommended 

circuit (scheme) (switching on FMECA) should be conducted first of all in relation to the most 
dangerous ONS, which can hamper the fulfilment of delivered before SSTM problems. 

The elements of the Matrix "P-W" (see fig. " P-W " is created, where on a vertical - P, on 
a horizontal - W) correspond to following ranks generalized (final) risk: Very small risk; 
Average risk; Very large risk (according to the comprehensive analysis). 

Model of Masses-Optimizations (MMO) 

From the point of view of problems of LORM and OORM joint operation a Model of 
Masses-Optimizations (MMO) is considered below. It agrees with ideas of probability 
designing and Epi-Optimization1 for SSTM. 

During the SS creation a good help to the designer can give certain dependences like 
"risk - mass" ("reliability - mass", "safety - mass" etc.) for the various kind of systems, 
aggregates, knots (it is one of the "Knowledge Base" blocks). The researches show, that in 
some cases such the dependences can be obtained empirically by systematization and 
generalization of experience of the items of a certain class creation. Particulary it is possible to 
mark the following outcome: for highly reliable constructions of some types of items of a space 
technology practically the linear dependences of a mass (weight) of a construction on logs of 
magnitude of residual risk ("unreliability" of a construction) take place. 

As a result of systematization and statistical processing of mass-dimensional, power and 
other performances space vehicle of a various class the empirical parities between a mass space 
vehicle and masses (relative masses) construction and onboard systems space vehicle were 
obtained. As an example in the table "M" the totals of a statistical analysis (significance of 
relative masses in percentage - %) for ten types space vehicle are represented. They are given 
below with the numbers from Nl up to N10). 

The outcomes of the empiric-statistical analysis help us also to define statistics of 
dependence of a space vehicle mass of an appropriate class (type) from its other data, such as: 

- (Relative) construction and onboard systems masses; 
- (Relative) volumes of various compartments (baies); 
- Specific arrangement densenesses etc. 
Such dependences can be used for want of creation SS (with the purpose of 

determination of rational appearance and SS arrangement). 
For help we give some mass-dimensional data of the Russian-German SS "Inspector" 

(RSC-Energia and Dasa): 



72 kg - the SS "Inspector" mass; 
56 x 93 sm - dimensions of the SS in the form of a prism. 
At first a prototype has been developed to demonstrate the feasibility and benefits of such 

new type of spacecraft. This demonstration was performed together with the Mir station and a 
Progress carrier. The Mir-Inspector was developed under a RSC-Energia-Dasa joint venture 
and launched from the Baikonur cosmodrome to aboard the Progress M-36 on 5 October 
1997. It docked successfully to Mir on 8 October 1997. The flight demonstration was on 17- 
18 December 1997 after undocking of the Progress from Mir. The 72 kg Inspector space 
vechicle was remotely controlled via the Monitoring and Control Station (MCS) installed in 
the Mir core module. 

Becides empirical assotiations for want of creation SS there can be useful methodological 
principles and models permitting to determine the dependences of a type "risk - mass", to 
decide problems of a normalization and optimization of risk (reliability, safety, survival etc.). 
For a solution of the indicated problems we develop the methodology, the "model of masses - 
optimizations" (MMO)2, which has the basis TICR3, for want of some simplifying suppositions, 
which is basing on the use of principles and formal means of statistical physics and 
thermodynamics. This model is lead up to concrete parities, which can be used in practice. 
From MMO under certain conditions follows, in particular, the linear dependence of a mass of 
an item on logs of residual risk (level of "unreliability"), i.e. the outcome similar to a volume, 
which is obtained empirically. The developed physics-statistical model "risk - mass" (or MMO) 
allows purposefully to be aimed to shaping of an "equally-reliable" ("uniformly distributed on 
risk") SS and SSTM appearance. 

The developed by us MMO was used for a solution of a problem of rational masses 
redistribution of the SS propulsion, which is possible is to be launched from a side (board) of 
an International Space Station (ISS) and which is possible conditionally to be named a SS- 
controller (such a SS is equipped with a video equipment for realization of control 
observations). 

In addition we shall mark the following. If to use the "language" of Risk Management, it 
is possible to say, that the recommendations concerning the use of possibilities of withdrawal 
from of-nominal situatins (ONS) are the examples of a method ("tool") of Risk Management 
for want of practical using of the MMO algorithm. 

Model of Total Risk Minimization flVITRM) 

According to our oppinion, it is rather perspective for the SSTM to use a model 
(algorithm) of minimization of total risk (MTRM) of experimental improvement (in particular, 
flight tests) and target SS and its parts application. 

It is possible to state briefly the formal statement of such a problem as following-. 
Let's assume for any SS or a part of it ("items", or "I") the following data: 
z - the Number of the failure-free flight tests "I"; 
s - the Total number of the target "I"; 
r - the Number of reserve "I" in structure of target "I" (i.e. r e s); 
p - "Reliability" (probability of non-failure) "I"; 
Pz - probability of failure-free realization of all "test" tests; 
Ps - probability of successful fulfilment of all problems, delivered by the program, for 

want of target "I" application (all" a line-up " of flights); 
R -" Total risk ", i.e., in particular, probability of such an event, when the "test" tests will 

be conducted successfully, and the problems delivered by the program for want of target "I" 
application, will not be solved completely (the magnitude R can be also named lower simply " 
as risk"). 



So the expressions for Pz, Ps, R can be fixed as following: 
Pz = pz; Ps = Ik Cg

k p(s-k)(l-p)k = Zk [s!/k!(s-k)!] p(s"k) (l-p)k; 
R= pzU-Lc [s!/k!(s-k)l] p(s'k) (l-p)kK   (k = 0;l;2;...;r). (I) 
If to vary the significances of parameters z, s, r for R in (I), it is possible to determine 

such "optimum" combination of the indicated parameters (z, s, r), which will correspond to a 
minimum significance min R^. 

The numerical analysis shows, that there exist the following empirically found ("as a first 
approximation") dependence (where - n = z + s; sm = min s) for the "optimum" plans 
(strategies) appropriate min Rmax: 

Sopt * 1/2 (n + sm - 1); ropt * 1/2 (n - sm -1); zopt * 1/2 (n - sm + 1); 
zopt + 1/2 (sm - 1) « ropt + 1/2 (sm + 1) » sopt - 1/2 (sm - 1) « n/2. 
The example of a sum of parameters sm , n, s, z, r, R„iax (including min Rmax) is given for 

the help in the Table "R". 
The use of MTRM allows to make the following important conclusion: the availability 

even essentially reduces one reserve SS ("I") for want of fulfilment delivered before "by a 
grouping" SS of problems risk of fulfilment of a target problem, and gives magnitude of risk, 
which in most cases is close to minimum " to total risk ". 

Thus, the methodology of the Risk Assessment and Management, offered by the authors, 
can effectively be used during the SS (SSTM) creation and application. 
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O B03M05KHOCTM nepeHoca TeXHOJTOrHH nMHOTHpyeMOH 
KOCMOHaBTHKH B oGjiacTH cHCTeM OTo6paxeHHH 

HHcfropMauHM B Apyrax oöjiacTHX 

KXTameHKo 
COKE KT HHH AO 

140160 r.yKyKOBCKMH-2, MocKOBCKaa o6jiacTb 
yji.TynoneBa, 18, Ten: (248) 70696 

B flOKJiafle paccMaxpMßaioTca B03MOXHbie HanpaBJieHHH Hcnojib30BaHHa B 

Äpyrax oTpacjiax npoMbinuieHHOcTH (flO) pesyjibTaroB paöoTbi no cHCTeMaM OTO6- 

paaceHHa HH^opMauHH (COH) nHJioTHpyeMbix KOCMHHCCKHX oöbeicroB (riKO). 
COM - 3TO HejIOBeKO-MaiUHHHbIM HHTepCpeHC (HMH) TeXHH- 

qecKoft cHCTeMH (TC). HMH COCTOHT H3 AByx KHTep4)eHCOB: annapamoro (AH) H 

aproHOMHHecKoro (3H). 
3H   coBpeMeHHbix   COH   c>6ecne*iHBaeTca   npoipaMMHbiM   oöecneqeHHeM 

KOMnbK)TepH3HpOBaHHOH CHCTeMH (KflC), CpeflCTBaMH npeflCTaBJieHHH HH^opMa- 
UHM B CBeTOBoft, 3ByKOBOH, peqeBOH, TaKTHJibHOH H MHbix cjpopMax (CI1H), opra- 
HEMH ynpaBjieHMH (OY), KOMnoHOBKoii CÜH H OY Ha naHejiax nyjibTOB. 

AH - 3TO ycTpoftcTBa conpaaceHHfl CnH HOYC o6beKTOM ynpaarteHHa ( 
yCTpOHCTBa    BBOAa-BblBOfla-YBB),    BbMHCJIHTejIbHblMH    Cpe^CTBaMH    (BC),    ycT- 
pottcTBaMH npeo6pa30BaHHa HH(popMauHH (ynH). 

B COOTBeTCTBHH C 3THM B03M05KHH HeCKOJIbKO HanpaBJieHHH noncKa o6beK- 
TOB AJIH npHMeHeHH» B flOO. 3TO: OpraHH3aiJHOHHO-TeXHHHeCKHe MCTOÄbl (OTM) 
co3flaHHa COH, cpeÄCTBa AH, cpe^CTBa 3H, npHHHHnbi H MeTOflbi nocrpoeHHa 
KflC 3H, npMHHMnbi H MeTOAbi cTpyicrypHOH opraHH3anHH CTIH H OY Ha naHe- 

jiax nyjibTOB. 
noKa3aHO,  HTO no nacra HanpaBJieHHH B oTeHecTBeHHOH nmiorapyeMOH 

KOCMOHaBTHKe  HMeiOTCa JJ,OCTH5KeHHH MHpOBOrO     ypOBHH.   IlpHBOAaTCa   npHMepbl 
HX npHMeHeHH» B SHepreTHKe. 

BBejeHHe 

CoBepnieHHO oneBHAHO, HTO KocMOHaBTMKa 6a3HpyeTca Ha HOBHX xexHOJio- 
raax. HoBbie TexHojiorHH Tpe6yK>T 3HaHHTejibHbix BKJiaopB, nosTOMy, cpHHaHcnpya 
oTpacjib, B KOTopoH OHH HaiHHaiOT npHMeHaTbca, HHBecTop BnpaBe paccwrbreaTb 
Ha B03pacT BJioaceHHbix cpe^cTB B BH^e npaMbix pe3yjibTaTOB KocMHHecKOH flea- 
TejIbHOCTH,   HJIH  B BHfle flOXOAOB  OT  BHeflpeHHfl  HOBHX TeXHOJIOrHH  B flP>THX  OT- 
pacjiax npoMbiuuieHHOcTH (fl,On) HJIH npn npoH3Bo/j;cTBe TOBapoB HapoflHoro no- 
Tpe6jieHHa (THTl). 

COH, KaK HejioßeKO-MauiHHHbiM HHTep4)eHc (HMH), aBJiaeTca QAHOH H3 
HaH6ojiee cnenncpHHecKHX cocTaBHbix qacTeft CHCTeMH ynpaaneHHa (CY) 6OJIB- 

uioH CHCTeMH (BC), B TOM HHCJie nnnoTHpyeMoro KOCMHHecKoro o6beKTa (ITKO). 
COH - 3TO cncTeMa oÖecneieHHa /j,eaTejibHocTH onepaTopoB BC. 

CoBpeMeHHbie COH - cjioJKKaa HacTb pa/JHoajieiopoHHOH öoproBOH annapa- 
Typbi (P3A), npH co3j3,aHHM KOTopoH Hcnojib3yioTca pa3HOo6pa3Hbie TexHOJioraH. 

KoHCTpyKTHBHo COH npeACTaBjiaioT CO6OH nyjibTbi ynpasjieHHa (IIY), npHÖop- 
Hbie AOCKH (rifl), mHTKH (IKHTH) ynpaBJieHHa (IU,Y). B cocTaB COH Bxo/j;aT cpeflCTBa 
npeÄCTaBJieHHa HH^opMauHH (CnH), opraHbi ynpaMeHHa (OY), ycTpoftcTBa BBo^a 

KD.TanneHKo 



BHBoaa HH^opMaijHH (YBB), ycrpoMCTsa npeo6pa30BaHHa HH^opMauM (YIIH), BH- 

HHCJiHTejibHbie cpe^CTBa (BC), HCTOHHHKH nnraHHa H Äpyrne ranbi P3 A. 
KaK IIMH, COH COCTOHT H3 pjsyx HHTep^eficoB: 
• arrnapaTHMH HHTep^efic (AH) H 

• aprOHOMHHeCKHH HHTCp4)eHC (3H). 
AH - 3TO "Mcejie3o" HJIH TCJIO CHCTCMH, B cocraB KOToporo BXOAHT ycTpoHCTßa co- 

npaaceHHa CIM H OY c o6beKTOM ynpaßjieHHa (ycrpoHCTBa BBOAa-BbiBOAa - YBB), 
BbiHHCJiHTejibHbie cpeacTBa (BC), ycTpoHCTßa npeo6pa30BaHHa HH^opMauHH (YIM), 
CIM, KaK cpeACTBa P3A, KapKacbi nyjibTOB H npn6opHbix AOCOK H cpeACTßa MexaHHne- 
CKOH 3amHTbi OT BOSfleHCTBHH Bn6pai^HH H yAapOB (aMOpTH3aTOpbl). 

CIM - oflHa H3 ocHOBHbrx naeren Tejia COH. OCHOBHBIMH cpeflCTBaMH CITH aß- 
jiaiOTca MOH - MHoro4)yHKUHOHajibHbie SKpaHHbie HHAHKaTopw, CBeTOCHraajibHbie 
Taöjio, 3ByKOBbie H peneßbie CHHTe3aTopH H ycrpoHCTBa, 4>aKCHMHJibHbie H Tejierpa4>- 
Hbie annapaTbi. 

OpraHbi ynpaßjieHHa (OY) - Apyraa nacTb Tejia COH. K OY oTHOcarca TyMÖJiepbi, 
KHomcH H KHonoHHbie nepeKjfioHaTejiH, rajierHbie nepeKjHOHarejiH, punara H Ap- 

3H - 3TO KOMnbK)TepH3npoBaHHaa AHajioroBaa CHcreMU .(KflC), HHCpopMauHa ß 
CBCTOßOH, 3ßyKOBofi, pe^eBOÖ H Apyrnx 4>opMax, pa3Mepbi, <f)OpMa H uper opraHOB 
ynpaßjieHHa H OTOÖpaaceHHa, KOMnoHOßKa cpeACTß Ha naHejiax nyjibTOB H npH6opHbix 
AOCOK, UBCT H cßer Bcex sjieMeHTOß paöonero Mecra onepaTopa, flpyrne sjieMeHTbi AH- 

3aÄHa H aprOHOMHKH. 
HmJ>opManHOHHoe (HO) H cooTBercTByiomee eiwy nporpaMMHoe o6ecneneHHe 

(nO) K#C - «Ayina» COH, HHTejijieicryajibHaa nacTb 3H. CoßpeMeHHbie K#C - STO 

rpa4)HHecKHe, 3ByKOBbie HJIH peneßbie CHCTeMbi o6pa6oTKH H npeACTaßjieHHa HH^opMa- 
H.HH. B HHX BXOAaT SJieKTpOHHbie     CHCTeMbi nOAAep>KKH OnepaTOpOB (CnO - SJieKTpOH- 
Hbie HHCTpyKTOpbl, 3JieKTpOHHbie ÖH&HHOTeKH, SKCnepTHbie CHCTeMbi H T.A)- 

Oco6eHHOCTb COH COCTOHT B TOM, HTO Ta ee nacTb, KOTopaa oöpameHa K nejioße- 
Ky, AOjiacHa cooTßercTBOBaTb TpeöoßaHHaM HejiOßenecKoro (Jjaicropa, a nacTb, oöpameH- 
Haa K oöbeicry H ero CHCTeMaM, - Tpe6oßaHHaM, npeAbaßjiaeMbiM K P3A oöbeicra Ha- 
3HaneHHa. TaKaa ABOHCTBCHHOCTb npHBOAHT K HCOOXOAHMOCTH ynera 6ojibHioro KOJIH- 

qecTBa <J>aKTopoß. 3Ta ace ABOHCTBeHHOCTb Aejiaer CnH OAHHMH H3 AOporocToamnx 
cpeACTB P3A. no ypoBHio pa3BHTHa TaKHx cpeACTß MoacHO oneHHBaTb ypoßeHb pa3BH- 
THa Toro HJIH HHoro o6mecTBa, AaßaTb oueHicy oTHoineHHa rocyAapcTßa K nejioßeKy. 

HMH npHcyTCTByer B JHOöOH TexunnecKOH cHcreMe (TC). CpeACTBa npeACTaßjie- 
HHa HH<f)opMau,HH H opraHH ynpaBjicHHa aßjiaiOTca OCHOBOH ayAHO H BHACO TCXHHKH, 

nepcoHajibHbix 3BM, COBPCMCHHOH 6MTOBOH TCXHHKH, HrpoBbix aBTOMaTOß H T.A. 3TO 

C03AaeT 6jiaronpHaTHbie npeAnocbijiKH jvm peuieHHa npoÖJieMbi B03BpaTa BjiosKeHHbix 
CpeACTB HJIH AJia OHeHKH BJIHaHHa KOCMOHaBTHKH Ha pa3BHTHe aHajlOrHHHblX cpeACTB B 

ßon H THn. 
B COOBeTCTBHH CO CKa3aHHbIM 3aAaHa OUeHKH B03MOXHOCTH nepeHOCa KOCMHHe- 

CKHX TexHOJiorHH B o6jiacTH COH B Apyrne oTpawiH aßJiaeTca aKTyan&HOH. 

QcHOBHbie pe3VJii>TaTbi paöoT no COH. nojiyqeHHbie, 
B PaMKaX nHJIOTHpveMOH KOCMOHaBTHKH 

B HCTopHH nnjioTHpyeMOH KOCMOHaBTHKH BbiAejiaerca narb noKOJieHHH COH, KO- 

lO.TairaeHKO 



Topbie oTJiHHaiOTCH ypoBHCM OKaraa KOMaHA-HH^opMauHH H MeroaaMH npeHcraiuieHHH 

HH^opMauHH: 
1. COHITKA BOCTOK, BOCXOA. 

2. COH 3KcnepHMeHTajibHoro Kopa6na 3KB JS26. 
3. COH Kopa6jiefi COKW, craHUHH CaniOT, AjiMa3. 
4. COH CTaHUHfi MHP H BKC BypaH. 
5. COH MOAepHH3HpyeMoro Kopaöjia C0103-TMA H MKC "Ajib(J)a". 
OcoöeHHOCTH Ksmmoro noKOJieHHfl cHCTeM npeACTaBjieHH B 1998r. B «OKJiafle aB- 

Topa Ha 25-x io6HjieHHbix oomecTBeHHO-HaynHbix HTCHHHX, nocßameHHbix naMHTH 

K).A. TarapHHa H 3#ecb He paccMarpHBaiOTCH. 
K OCHOBHbIM flOCTHHCeHHflM B o6jiaCTH COH, KOTOpbie 6bIJIH nonyneHbi BnepBbie B 

MHpoBoii npaKTHKe, OTHOCATCH: 

• Opramoamra pa6oT no cameauuo COH, HJIH opraHroaHHOHHO-TexHHHecKHe 

MeTOflbi npoBefleHHH paöoT no COH. 
• Co3ÄaHHe yHHKajibHbix 6oproBbix cpeAcre oToöpaaceHH* HH<|)opManHH. TaK, 

BnepBbie B MHPOBOH npaKTHKe 6bijiH co3aaHbi H npHMeHeHbi cpeflCTBa OTo6pa- 
aceHHa Ha ocHOBe BaKyyMHbix sjieKipoHHOJiyneBbix TpyöoK, CBCTOAHOAOB, 

JKHflKOKpHCTaJIJIHHeCKHX HH(f)pOBbIX HHflHKaTOpOB, flHCKpeTHHX H MaTpOTHblX 
3JieKTpOJIJOMHHeCneHTHbIX, KaTOflJUOMHHecneHTHblX, nJia3MeHHbIX HHAHKaTO- 
pOB H MOHHTOpOB, MHOrOIHKajIbHblX H flByXKOOpÄHHaTHblX npHÖOpOB CO CBCTO- 

BbiM OTcneTOM H up. 
• Co3aaHHe BnepBbie B MHPOBOH npaKTHKe 6opTOBbix KOMnaicrHbix pyneK 

ynpaBjieHHH «BH^eHHeM jieraTejibHoro annapaTa, KHonoHHbix opraHOB ynpaB- 
jieHHH H npHMeHCHHe HX Ha jieTaTejibHbix annapaTax, B TOM nncjie B COH 

EKO. 
• Co3aaHHe BnepBbie^B POCCHH 6opTOBOti sjieicrpOHHOonTHHecKOH HH<J)opMauH- 

OHHO-noHCKOBOHt^rtC) H npHMeHemie ee Ha cTaHUHH CajiiOT 3. 
• Co3flaHHe BnepBbie B MHPOBOH npaKTHKe AHcnjieiiHbix CHCTeM c Hcnojib30Ba- 

HHeM BHfleOKOHTpOJIbHblX yCTpOHCTB TejieBH3HOHHOrO THna B COH    KopaÖJiefi 
COK)3-7K (BHHH TejieBHfleHHH r. C/n, HHHP HnO "OasoTpoH" r. MocKBa, 
COKE JIHH r. 5KyKOBCKHH), B COH craHUHH CaniOT KOMnjieKca AjiMa3 
(COKE JTHH r. DKyKOBCKHO) H B COH cnum™ MHP c Hcnojib30BaHHeM raso- 
pa3p»AHbix MaTpHHHbix MOHHTopoB (HnO "3jiac" r. SejieHorpafl, HHH TPn r. 
P«3aHb) H Hcnojib30BaHHe HX B KanecTBe OCHOBHMX cpeACTB o6ecneHeHH» aea- 
TejibHOCTH onepaTopoß 6ojibiiiHx CHCTCM npn ynpaßjieHHH flBHacemieM o6beic- 

Ta H oöcjiyacHBaHHH 6oproBoro KOMnjieKca. 
• Pa3pa6oTKa MCTOAOB nporpaMMHO-BpeMeHHoro ynpaßjieHHH öopTOBbiMH CHC- 

TeMaMH H pa3pa6oTKa Ha STOH OCHOBC npHHunnoB nocrpoeHHH AHajioroBoft 
CHCTeMbI  3JieKTpOHHbIX COH 60JIbfflHX CHCTeM. 

K 6e3ycjiOBHWM AOCTHHCCHHJIM KOCMOHaBTHKH cjiesyer OTHCCTH co3AaHHe jieranx 
CBapHbix H KJienaHbix KOHcrpyKHHH nyjibTOB H npn6opHbix äOCOK H cpe«CTB 3amHTbi OT 

MexaHH^ecKHX BOSACHCTBHH. 
Mo5KHO yTBepacAaTb, HTO B oÖJiacTH COH CJIOJKHHX o6beKTOB coBercKaa murora- 

pyeMaa KOCMOHaBTHKa cnoco6cTBOBajia Bbixoay POCCHH B 3TOH o6jiacTH Ha MHPOBOH 

ypoBeHb. 
BbicoKHH ypoBeHb pa6oT no COH noATBepiKflaerca HajiHHHeM öojibinoro KOJime- 
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CTBa H3o6peTeHHH, MHorHMH Harpa^aMH BeAymnx cneqwajmcTOB no COH H npH3HaHH- 
GM BO BceM MHpe sproHOMHKH, xaK OAHOITO H3 BeAymnx HayHHfaix HanpaBjieHHH KOHua 
20-ro BeKa H Havana 21-ro. 

BbiSop oSteicroB njta npuMCHCHHn B JOII H THTT 

BbiineyKa3aHHoe npeACTaßjieHHe H AOCTHHceHH» B oojiacrn COH no3BOjisK)T pac- 
CMaTpHBaTb cjieflyromne o6i>eKTbi flji» npHMeHeHHH B JipH H THI1. 

1. OpraHH3aqHOHHO-xexHHHecKHe MCTOAH (OTM) co3AaHHa annaparaoH H npo- 
rpaMMHOH nacren COM. 

2. CpeflCTBa annapaTHoro HHTep^efica (AH) COH. 
3. CpeflCTBa aproHOMHHecKoro HHTep^efica (3H) COH. 
4. MeroAti npeACTaßjieHHH HH<j)opMauHH H opraroBauHH B3aHMOAeficTBHa nejio- 

Beica H MafflHHbi. 
5. npHHijHnbi H JvreTOAw crpyiorypHOH opraHroauHH CIIH Ha naHejrax nyjibTOB H 

npHÖopHbix AOCOK. 

Ouemca BoaiyioacHocTH HcnojibaosaHH« jocTH^ceHHH 
KOCMOHaBTHKH B 3QII H THII 

OpraiimauHH paöoT no co3AaHHio COH. 

BbimeyKa3aHHbie AOCTHSKCHMH crann BOSMOäHHMH ÖJiaroAapa npHHsnroH B poc- 
CHHCKOH nHjioTHpyeMofi KOCMonaBTHKe cxeiwe opraHH3ai^HH paöoT no COH. 3Ta cxeivia 
öbijia ofloöpeHa UK KIICC H COBCTOM MHHHCTPOB CCCP, noAAep>KaHa AH CCCP, MH- 

HHCTepCTBaMH BoeHHo-npoMbiuijieHHoro KOMnjieKca (BUK), PKK "SHeprW HM. C.n. 
KopojieBa, <&Him, «HQO MauiHHocTpoeHHH» r. PeyTOB, nCHTIU, HM. M.B. XpyHHneßa 
H psAOM caiwojieTHbix OKB. 

B ocHOBy npeAJioaceHHOH cxeMbi 6bi.na nojioaceHa KOHnenijHa, B cooTBeTCTBHH c 
KOTOpOH C03AaHHe BblCOKOa^eKTHBHOH COH, OTBeiaiOmeH TpeÖOBaHHHM KOCMOHaB- 
THKH npH orpaHHHeHHax Ha MaxepHajibHbie H 4>HHaHCOBbie pecypcw, BCöMOJKHO npn yc- 
JIOBHHX, MT0 

a) COH - 3TO cocTaBHaa nacTb eAHHoit nepapxHHecKOH CHCTCMH ynpaBjierois oöt- 
eKTOM, Ha BepxHeM ypOBHe Koropofi HaxoAHTca nejiOBeK H 

6) COH - 3TO eflHHas CHcreMa oGecneneHHH AeHTejibHocra onepaTopoB. 
TaKofi noAxoA npeAnojiaraer B03JioaceHHe OTBeTCTBeHHocTH 3a co3,qaHHe COH Ha 

OAHO     npeanpHHTHe     H     CAHHCTBO     HaynHO-HCCJieAOBaTejibCKHx     H     onbiTHO- 
KOHCTpyKTOpCKHX paÖOT. B KOCMOHaBTHKe 3Ta 4>yHKHHH ÖbIJia B03JI0>KeHa COKE J1HH 
r.5KyK0BCKHH. 

npeAJioaceHHbiH noAxoA K COH no3BO.nH.ji: 
• co3AaTb cneHHajiH3HpOBaHHbie noApa3AejieHHH H CKOOpAHHHpoBaTb HX Ae«- 

TeJIbHOCTb no C03AaHHK) BCeX KOMnOHeHTOB COH, 
• HayHHO o6ocHOBaTb aproHOMHnecKHe H TexHHnecKHe TpeöoßaHHa K COH H ee 

KOMnoHeHTaM, 
• co3AaTb MOAejinpyiomHe HCCjieAOBarejibCKHe creHflM, KOTOpwe 3aTeM craun 

OCHOBHWM CpeACTBOM HanajIbHOH nOArOTOBKH KOCMOHaBTOB, 
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•   oTpaöoTaTb TexHOJiorHK) npoeKrapoBaHHa, roroTOBjieHHa, OTpa5oTKH H no- 

CTaBKH   COH, KaK eAHHfalX HHTerpHpOBaHHHX CHCTeM. 

npHHsrraa cxeiwa no3BOJiHJia co3Aan> COH AJM KOpa6jia BbixoA B TeieHHe OflHoro 

ro#a (OT nocrraHOBKH 3a«aHH flo nocTaßKH urraTHoro KOMnjieicra). CmnbKO ace BpeMeroi 

noTpe6oBajiocb AJIH co3AaHHa H oTpa6oTKH COH «NfapsaM» %m craHUHH CaniOT H AP- 

OCHOBHbIMH   OpraHH3aqHOHHO-TeXHHHeCKHMH  ßOKyMeHTaMH   npH   C03AaHHH   KOCMHHe- 

CKOH TexHHKH aßjiaiOTca nojioaceHHH no o6ecneneHHK) KanecTBa paKerHO-KOCMHHecKOH 

TexHHKH, EnCH - eflHHbie nuaHbi co3AaHHa H3AejiHH, Kn30 - KOMroieKCHbie njiaHbi 

3KcnepHMeHTajibHOH OTpaöoTKH H3AeJiHÄ H nOHB - njiaHbi (nporpaMMbi) o6ecneneHHa 

HaAeÄHOCTH H 6e3onacHOCTH HSACJIKH. 

3(p4>eKTHBHOCTb noAxoAa K co3AaHmo COH, KaK K CAHHOH cHCTeMe, 6buia noA- 

TBepacAeHa onbrroM pa6oTbi HHHAO npH co3AaHHH nHjiOTaacHO-HaBHraHHOHHbix KOM- 

njieKCOB (riHK) AJIH caMOJieroB HJI-96, TY-204, HJI-114 H COBMCCTHO C OAHOH m (JmpM 

CniA - win caMOJiera BE-200. MoAeirapyioiuHe CTCHAH OTpa6oTKH nHK B HHHAO B 

nocjreAyioineM crajiH OCHOBHMMH cpeACTBaMH IKWOTOBKH SKHnaaceK HOBMX caMOJie- 

TOB. 

CoBMecTHO c ffllO ATI r. Mocima, OKB MauiHHOcrpoeHHa r. TopbKHH H npeAnpn- 

araaMH MHHaroMa CCCP cxeua pa6oT, npHHjrraa B KOCMOHaBTHKe, 6buia npeAJioaceHa 

npH   C03flaHHH  aBTOMaTH3HpOBaHHbIX  CHCTeM  ynpaBJieHHH  (ACY)  TeXHOJIOrHHeCKHMH 

npoueccaMH sHeproÖJioKOB nepcneKTHBHbix A3C H npn MOAepHraauHH ACY KJIA3C. 

3Ta cxenia Moacer 6bm> peKOMeHAOBaHa AJW npHMeHeHHa npn co3AaHHH COH 

ACY T3H,, T3C, pa3JiHHHbix o6beKTOB npOMbiinjieHHoro Ha3HaneHHa. 

CpcACTsa annapaTHoro HHTep<j>eiica 

KaK 6bijio CKasaHO Bbiine, AH - 3TO TCJIO CHCTCMW, B coCTaß KOToporo BXOAST YBB, 

BC, ynH, CIBi, Oy, KaK cpeACTBaPSA H KapKacw nyjibTOB H aMOpTroaTOpbi. 

CpeACTBa 0T06pa>KeHHH BH3yajIbH0H HH(pOpMaU.HH. 
rjiaBHMMH ajieMeHTaMH coBpeMeHHbix COH 6ojibniHx CHCTeM aßjiaiOTca HX BM- 

HHCjiHTejibHbie cHcreMbi (BC) H MHoroc|)yHKUHOHajibHbie cpeACTBa OToöpaaceHHa HH- 

4>opManHH (M<J>COH HJIH M<E>H). OcTajibHbie cpeACTBa P3A COH aßjiaiOTca 3aBHCH- 

MblMH OT BC H M<3>H. 
OCHOBOH M3>H HBJIflBOTCa SKpaHHbie HHAHKaTOpbl Ha OCHOBe SJieKTpOHHOJiyHeBblX 

Tpy60K  (3J1T),  aCHAKOKpHCTaUJlHHeCKHX  OKKH),   3JieKTpOJIK)MHHeCHeHTHbIX  (3JM ), 

ra3opa3pHAHbix (TPH) HJIH njiasMeHHbix H KaTOAJHOMHHecueHTHbix (KJIH) naHejien. 

HecMOTpa Ha OTMeneHHbie Bbiine BnenaniaiomHe AOCTHaceHH» POCCHHCKOH KOC- 

MOHaBTHKH no 6opTOBWM cpeACTBaM OTo6paaceHHa HH<popMauHH, npamrHHecKH HH OAHO 

H3 HHx He HauiJio CBoero npHMeHeHHa H pa3BHraa B POCCHH H Apyrnx CTpaHax CHT. 

OcHOBHaa npHiHHa 3T0My OTpbiB KOCMHHCCKHX TexHOJiorHK OT ypoBHa npoH3BOACTB 

THn,  HX BHCOKaa CTOHMOCTb H COOTBeTCTBeHHO ÖOJIbUIHe 3aTpaTbi Ha 0praHH3aHHK> 

MaccoBoro npoH3BOACTBa. 3Ta, HHina 6biCTpo öbijia 3aHaTa 3apy6eacHbiMH crpaHaMH. 

KoHKypeHTOcnocoÖHbiMH ocraioTca TexHOJiorHK KaTOAJiK)MHHecu;eHTHbix H njia3MeH- 

HblX HHAHKaTOpOB. Ho JVW OpraHH3aHHH MaCCOBOrO np0H3B0ACTBa SKpaHOB Ha HX OCHO- 

Be Tpe6yiOTca 3HanHTejibHbie HHBecTHu,HH. 
BblÖOp BHAeOMOHHTOpOB COH SaBHCHT   He TOJIbKO OT HX <J>H3HqeCKOH OCHOBbI, HO 
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H OT cnoco6a 4>opMHpOBaHHa H3o6pa)KeHHH. 3flecb mi BbmejiaeM xpn Kjiacca BHgeoMO- 
HHTOpOB: BHAeOMOHHTOpbl TeJieBH3HOHHOrO THna (TB-MOHHTOpbl, TB-npHeMHHKH), 
Cnei|HaJIH3HpOBaHHbie BHAeOMOHHXOpM C <|)yHKHHOHanbHbIM MCTOäOM <J)opMHpoBaHHa 
H3o6paaceHHa Ha aicpaHe H BHAeoivroHHxopbi THna VGA, SVGA c aHanoroBbiMH H HH<})- 

pOBHMH BXOSaMH. 
OCHOBHbIM flOCTH>KeHHeM KOCMOHaBTHKH flBHJIOCb HCnOJIb30BaHHe TB-MOHHTOpOB 

AJia OTOÖpaaceHHH pa3HOo6pa3Hofi HH^opMauHH H coBMemeHHe ee c TB-HH^opMaHHefi. 
3xo flOCTHaceHHe no3BOJiajro co3AaBarb B xeneHHe MHorax jier BbicoK03<j)<peKXHBHbie 
COH H peuiaTb 3asanH, KOTopwe ApyrHM MexoAaM öHJIH HeAOCxynHbi. 

B Hacxoamee BpeMa Bcxaji Bonpoc: pa3BHBarb TB-MOHHxopw H Ha HHX oxoöpa- 
acaxb AHcnjieHHyio HH<f)OpMauHK) HJIH Hcnojib30BaTb Te MaxpHHHbie MOHHTOPH, icoxopbie 
Hcnojib3yK>TCJi B nepcoHanbHbix KOMnwoxepax, H Ha HHX oxoöpaacaxb TB-HH(j)opMauHK) 
H peuiaTb 3aAany ee coBMemeHHa c AHcnjiefiHOH. 

HecMOTpa Ha HeocnopHMbie AOCTH3K6HHH B paMKax nepßoro nyTH, 3Aecb npefljia- 
raexca Bxopoft, T.e. peuieHHe 3aflanH oxoGpaaceHHa TB-HH^opMau;HH Ha MOHHTopax 

nepcoHanbHbix KOMnbioTepoB. 
CooTBerCTBeHHO, COKE KT HHHAO H TOO «C06H BHAeocicaH» r. MocKBa 

npe^JiaraiOT B <j)opMaxe MHKpo-PC Öopxoßbie H Ha3eMHbie ycxpoftcxBa npeo6pa30BaHHa 
TB-HH$opMaHHH, coBMenjeHHe ee c AHcnjieAHOH HH^opMaHHen H BMBOA coBMemeHHOH 
HH<f)OpMaHHH Ha VGA- BHAeOMOHHXOpM. 

BblHHCJIHTejIbHbie CHCXCMbl COH. 
B KOCMOHaBTHKe, aBnaHHH, sAepHofi 3HepreTHKe H «pyrnx oxpacaax npoMbiiiijieH- 

HOCTH fljisr pemeHHa 3aAan COH co3AaßajiHCb cneHHajM3HpOBaHHbie BbiHHCJiHxejiH. 3xo 
npHBOAHJio K napajuiejiH3My B pa6oTe, HeoöocHOBaHHbiM 3aTpaTaM, HeB03MO»cHOCxH 
UIHpOKOrO HCnOJIb30BaHHfl A'OCTM>KeHHH OAHOH OXpaCJIH B ApyrOH. B KOHIje 80-X TOAOB 
Mbi oöocHOBajiH Hejrecoo6pa3HOCTb nepexoAa K Hcnojib30BaHHK> Ha3eMHbix TexHOjiornft 
AJia peuieHHa 3aAai oxoGpaaceHHa HH<J»op!viaH.HH B cHCxeiwax cneipiajibHoro Ha3HaneHHa. 
B KanecTBe 6a30BOH npeAJioiceHa KOHueniiHa, opHeHTHpoßaHHaa Ha co3AaHHe BHHHCJIH- 

xejibHbix cpeACTB, annapaTHO H nporpaMMHO coBMecxHMbix co cpeACTBaMH IBM PC. 
OcHOBbiBaacb Ha axofi KOHuenHHH, co3Aaioxca COH AJia MOAyjieii poccHÖCKoro cerMeH- 
xa MeacAyHapoAHoii KOCMHHCCKOH cxaHUHH H KopaÖJia-cnacaxejia C0103-TMA. C yne- 
TOM B03MCOKHOCXH Hcnojib30BaHHa Ha3eMHoro nporpatyMHoro oöecneneHHa AJia peuie- 
HHa 3aAan oxoGpaaceHHa, 3xox nyxb Moacex oKa3axbba onxHMajibHbiM. B CBOIO onepeAb 
Ha3eMHbie xexHOjioraH GyAyx oGoramaxbca AOCxHaceHHaivjH BoeHHO-opHeHXHpOBaHHbix 

oxpacj^en. 
TaKHM o6pa30M, AJia yMenbiueHHa 3axpax Ha ccwAaHHe cneHHajiroHpOBaHHbix 

COH H co3AaHne ycjiOBHH AJM Gbicxpro B03Bpaxa cpeACXB, BJioaceHHbix B BoeHHO- 
opHeHXHpoBaHHbie oxpaoiiH npeAJiar^efca oxKa3axbca OT Apporocxoamnx cnpHHajibHbix 
pa3pa6oxoK H nepefixn K Hcnpjib30BaHHio Ha3eMHbrx KOMnwoxepHbix H HH<f)opMauHOH- 
HblX xexHOJiorn^. : 

CpeACxpa CBexoBOH cHrHajiH3aHHH 
fljia cHcxeM cHmajiroauHH IJKA  GHJIH  co3AaHbi  CHraajiH3axopw  Ha  ocHOBe 

3JieKTpOJIK)MHHeCHeHHHH (3JIH). 3xOX XHn CHrHajIH3aX0p0B IHHpOKO HCH0JIb3OBajICa B 
nyjibxax Bcex oxenecxBeHHbix IHCO, B TOM nncjie 6e30XKa3Ho B xe^eHne 6oaee 13 jiex Ha 

¥' TflnHemco 



CTamjHH MHP. 3JIH Morjin 6w Hairm mnpoKoe npHMeHeHHe B npOMbmijieHHOcra, HO B 

POCCHH Bee paöoTbi B 3TOM HanpaBjieHHH npeKpameHH, a BOCCraHOBJieHHe HX 

npOH3BO«CTBa Tpe6yer MHBecTHHHR ftrca npHMeHemia B npoMbiiHjieHHOcra 

uejiecoo6pa3HO paccMOTperb cHrHajiroaTOpbi Ha ocHOBe BaKyyyMHOH HJIH 

KaTOAJHOMHHeCHeHHHH (BJIH), TeXHOJIOrHH KOTOpOH B POCCHH noOTepacHBaeTCH Ha 

BblCOKOM ypOBHC 

OpraHbi ynpaßjieHHH. 
OpraHbi ynpaBjieHHa (OY) - STO cpeflCTBa B03«eHCTBHH Ha o6beicr ynpaßjieHHa H 

AHajioroByio CHcreMy. 3TO pyKoaTKH ynpaßjieHHa «BHÄeHHeM, TyMOJiepbi, KHOHKH H 

KHonoHHbie H rajierHbie nepeKJiEonaTejiH, pbinara H pp. 
QreHecTBeHHaH KOCMOHaBTHKa 0Ka3<uia nparnoe BjinaHHe Ha nepexoa B aBHauHH H 

B p060T0TeXHHHeCKHX CHCTeMax K KOMHaKTHbIM, TaK Ha3bIBaeMHM 60KOBHM,  pyHKaM 

ynpaßjieHHa ABHACHHCM caMOJien», poöoTaMH H ManHnyjiaTOpaMH. BoKOBbie pynra 

ynpaßjieHHa BMecTO unypBajia BnepBbie noaBHjracb Ha KOpaGjie BOCTOK. Kaic HH noKa- 

acerca CTpaHHbiM, imipoicoe npHMeHeime B oTenecTBeHHOH aBHaHHH GOKOBMX pyneK Ha- 

nanocb nocne noaBjieHHa HX Ha 3apy6e>KHbix caMOJierax. #0 3Toro OHH uinpoKO H 3$- 

4)eKTHBHO npHMeHajiHCb Ha BepTOJierax. 
CoBpeMeHHbie pyHKH ynpaßjieHHa - STO aproHOMHnecKH cjioacHbie ycrpoHCTBa. H 

oneBHAHO, cjioacHOCTb HX oyaer HenpepbiBHO B03pacTaTb, nosTOMy «Jia HX pa3BHTHa 

Tpe6yK)Tca HHBCCTHHHH, KaK B paMKax KOCMHHCCKHX nporpaMM, Tax H B paMKax npo- 

rpaMM pa3BHTHa aßnauHH H poöoTOTexHHKH. 
KHonoHHbie OY, BMCCTO ryM6jiepOB H «pyrnx ranoß OY, CTanH OCHOBHMM cpe#- 

CTBOM ynpaßjieHHa B aBHaHHH, COM npOMbiinjieHHbix o6beicroB, KOMnbiOTepHOH TexHH- 

Ke H np. 

CpeflCTea aproHOMHHecKoro HHTep^eiica 

3H coBpeMeHHbix COH - STO, npe:ame Bcero, KOMnbioTepH3HpOBaHHaa «Hajioro- 

Baa cHCTeiwa (K#C) o6ecneneHHa AeaTejibHOcra onepaTopa 6ojibiiiOH CHCTeMbi H HCH- 

TpajiH30BaHHaa CHCrreMa aBapHHHOH H npeflynpeAHTejibHoft CBCTOBOH, 3ByKOBoii H pene- 

BOH CHrHajIH3aHHH (HCC). 
KaK 6HJIO CKa3aHO Bbime, B KanecTBe OCHOBHOTO TexrorcecKoro cpeAcraa KflC 

npefljiaraiOTca cpeacTBa Ha ocnoBe UK, annaparao H nporpaMMHO coBMecTHMbix c UK 

THna IBM PC. Co3aaHHe COH Ha ocHOBe noAOÖHoro rana UK Beflerca B paMKax Meac- 

AyHapoAHOH KOCMHHecKOH CTaHHHH H fljia KopaÖJia-cnacaTena C0103-TMA. 
PaÖOTbi no o6ocHOBaHHK> npHHHHnoB nocTpoeHHa HCC Be/tyrca MHOITIMH Hayn- 

HHMH  KOJUieKTHBaMH BO  MHOrHX CTpaHax  nOfl pa3JIHHHMMH  HaHMeHOBaHHaMH!   3JieK- 

TpOHHbie HHCTpyKTOpw (3H), CHCTeMbi noÄflepJKKH onepaTOpOB (CITO), SKcneprabie 

CHCTeMbi (3C) H «p. AHajira saaan H (^HKUHH HCC noKasbmaer, HTO OHH Moryr 6brrb 

peajiH30BaHbi Ha cpeAcraax, aHajiorHHHwx cpeAcraaM KJJß. 
OCHOBOH KflP 3H aBjiaerca HH^opMauHOHHoe (HO) H cooTBercTByiomee eaiy 

nporpaMMHoe o6emmenm (UO) KJJß. HO H no K#C - STO HmrejuieicT COH, H OH HH- 

AHBHAyajieH «jia Kaamoro -rana oöteicTOB. 06IB;HMH Moryr SbiTb npHHHHnbi nocrpoe- 

HHa AHanoroB H MeroAbi npoeKTHpoßaHHa HO H ITO. 
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COKE KT HHHAO coBMecTHO c PKK 'OHepraa" B paMKax nporpaMMH MKC 
«Ajib^a» Be^yT paöoTbi no co3AaHHio TIO öopTOBOH AHanoroBofi CHCTCMH. IIpH STOM 

nepcneKTHBHbiM HanpaBaenneM cHmraerca co3AaHHe nojib30BaTeabCKoro HHrep^eiica, 
KOTOpbrii no 3<J)4>eKTHBHOCTH He ycrynaji 6M HHTep(J)eHcaM Microsoft 

Taicaa opHeHranHa cAeaaHa noTOMy, HTO AOMHHHpyiomHMH cpeACTBaMH craan 
nepcoHaribHbie KOMnnoTepbi c OTKPMTOH apxHTeioypOH (annaparabiH HHTep<j)enc) n 
nojib30BaTejibCKne HHTep<j)eHCH, npuHHTbie, HanpHMep,     B OC Norton Commander, 
Windows H Ap. ^ocrHaceHHa Ha3eMHbix TexHOJiornn npeAaaraerca ncnojib30BaTb npn 
co3^aHHH 6opTOBbix COM. KpoMe KocMOHaBTHKM, B HacToamee BpeMH K TaKOMy 
Bbi6opy woiOHHbi MHorne OTenecTBeHHbie H 3apy6eacHbie 4>HpMbi npHMeHHTejibHo 
K oöbeKTaM paadHHHoro Ha3HaHeHHH,  B TOM HHcjie B aBMaijHH.  CoBepmeHHO 
oneBHflHO,   HTO   pe3yjibTaTbi   STOH   pa6oTbi   B   nocjieAyioiiieM   Moryr   Haft™ 
npHMeHeHHe B Apyrax OTpaejiax npoMbiuuieHHOCTH H Ha noABHHCHMX o6beKTax 
pa3jiHHHoro Ha3HaneHHa. 

MCTOflbl npe/ICTaBJllCHHH HH(f)OpMaUHH H OpraHH3aUHH B3aHM0aeilCTBHfl ne- 
jiOBeKa H MauiHHbi. 

B KOCMOHaBTHKe 6bijiH npeflJioaceHbi npHHHHnnaabHO HOBbie noAXOAH K no- 
CTpoeHHio COH, KaK HejiOBeKO-ManiHHHoro HHTep^enca (HMH). 3TH noAxoAbi OCHO- 

BaHbi Ha caeAyioniHX npHtinnnax: 
• B03MoacHOCTb nporpaMMHoro npeflCTaBJieHHH neaeft H 3aAan AeareabHOCTH 

JIK)60H CJI05KHOH CHCTeMbi; 
• B03M05KHOCTb npeAcraBaeHHa B Bnoe nepapxHHecKoro «epeBa aioöofi cuoac- 

HOH CHCTeMbi flejrrejTbHOCTH 
• BO3MO>KH0CTb nporpaMMHoro npeflCTaBjieHHH neaeii H 3aAan dpyriKHHOHErpo- 

BaHHa CHCTeM, noACHcreM, 6JIOKOB H T.A- 6ojibinoH CHCTCMM 

Bo3MOÄHOCTb nporpaMMHoro npeqcraBjieHHa atooofi 3asaHHOH HanepeA nenn 
HBjiaercH HayHHoft ranoTe30H, KOTOpaa AOKasaHa COBCTCKHM yneHHM r.B.KopeHeBbiM. 
OcHOBbiBaacb Ha 3-TOH ranorese, MM roBopHM, HTO RJW AOCTHJKeHHa 3aAaHHoft uean He- 
OöXOAHMO pa3pa6aTbreaTb nporpaMMH, HanpaBjieHHbie Ha HX AocraaceHHe, H orpaHHne- 
HHH, HaicjiaflbiBaeMbie Ha nporpaMMH. npH STOM HHCJIO nporpaMM, HanpaBjieHHbix Ha 
AOCTHaceHHe 3aaaHHbix neaeft, KOHCHHO. 

nporpaMMa 3-TO nocaeAOBaTeabHocrb HcnoaHaeMbix KOMaHA, B pe3yjibTaTe KOTO- 

pbix BKjnonaiOTca (nepeKjironaiOTCH HJIH BbiicaioHaiOTCa) arperaTH, 3aAaK>Tca ycTaBKH Ha 
OTKjioHeHHe oceft ABHraTe.ua, peryjinpyerca noAana ToroiHBa H T. A. npH OTKJIOHCHHH 

napaMCTpOB OT 3aAaHHbix 3HaneHHH nponcxoAHT nepeicaiOHeHHe Ha Apyrne nporpaM- 
MH. 

IIpH nporpaMMHOM npeAcraBaeHHH neuen H 3aAan CHCTeMbi AeaTeabHocra, B 3a- 
Aany onepaTopoB BXOAHT KOHrpojib ncnojiHeHHa nporpaMM H orpaHHHeHHH, Bbmana 
KOMaHA npH HX HeHcnojiHeHHH B aBTOMaranecKOM peacHMe HJIH nepeioiiOHeHHe Ha Apy- 
rne nporpaMMH npH BbixOAe 3a 3aAaHHbie orpaHHneHHa 

PaCCMOTpHM HeKOTopne npHMepbi. 

ÄBTOMOÖHJIb H aBTOMOÖH^HCT. 
ABTOMo6njib aBjiaerca cpeAcraoM nepeABHaceHHa nan TpaHcnopTHpOBaHHa rpy3a. 

BoAHTeab pemaeT TpaHcnopTiryio 3aAany, coöaioAaa npaBHaa AOpoacHoro ABHaceHna H 
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o6ecneHHBaa Mepbi 6e3onacHOCTH. Eivty neooxoAHMa Ta HH<popMauHa, KOTOpaa HO3BO- 

jiHJia 6M npHÖHTb H3 TOHKH A B TOHKy B B 3aAaHHoe BpeMa H npn 3a«aHHbix orpaHHne- 
HHHX. TaKHM o6pa30M, pm aocTHaceHJia 3aaaHHOH uejin HeoSxoAHMbi AaHHbie o BpeMe- 
HH, MapmpyTe nepeABnaceHHa c yneroM orpamiHeHHH Ha ABHaceHHe (oflHOCTOpoHHee 
ABH>KeHHe, orpaHHHeHHH no Macce H CKOpocra H pp.) H HH^opMauiia 06 orpamweHHax 
m aKCiuiyaramno aBTOMoGnjia (OCTOTOTHHH sanac ropionero, TeMnepaTypa ABHrarejia, 
AaBjieHHe iwacjia H pp.). Hcxopa m HanoaceHHoro, onrHMajibHbiM 6MJIO 6w npeflcraBJie- 
HHe KapTbi c onTHMajibHHM MapuipyTOM ABHaceHHa, na KOTOPOM yKa3aHbi Bee orpaHHHe- 

HHH Ha ABHKeHHC 
B KanecTBe AonojiHHTejibHOH pm aBTOMOOHJiHcra Baaoia HHtpopMauna o HaaHHHH 

3aropoB Ha nyra caeAOBaHHa H noACKa3Ka BOSMOJKHWX nyreH o6be3Aa 3aTOpoB. 3Ty 
4)yHKHHio yace nacTHHHO peraaer, HanpHMep, M-paAHO B MOCKBC, KOTopoe, TaKHM 06- 
pa30M aBjiaerca 3jieMeHTOM CHCTCMW noAAepacKH aBTOMo6HjiHCTOB. HecjioacHO npeA- 
CTaBHTb ce6e AaJibHeHiiiee pa3BHTHe HH^opMaHHOHHofi CHCTCMH noAAepacKH aBTOMo6n- 
jiHCTOB. 3TO cnyrHHKOBaa HararamiOHHaa CHCTeMa, HH^opMauHOHHaa BbiHHCJiHTejibHaa 
ceTb c nepeAanefi HH<Jx>pMan.HH o COCTOSHHH Aopor no pasrawHHM HanpaBjieHHaM, ro- 
MeHeHHHM Ha Tpaccax H peKOMCHAauHH H flpyrax AaHHbix HenocpeflcroeHHO Ha KOMnb- 

K)TepbI aBTOMOÖHJIH. 
npn B03HHKHOBeHHH HeuiTaTHbix cnryannH 3aAa*ia BOAHTejiH MeHHeTca. HanpH- 

Mep, TonjiHBO Ha HcxoAe. TjiaBHOH nejibio cTaHOBHTca AOsanpaBKa. GneaoBarenhHO, 
BOAHTejib nepeKjiMHaerca Ha HOByio nporpaMMy - nporpaMMy noHCKa sanpaBOHHofi 
CTaHHHH H 3anpaBKH. Bbi6op sanpaBOHHOH AOJDKCH ocymecTBjiaTbca c yneroM ocraBme- 
roca3anacaxonjiHBa, paccroaHHaAOsanpaBOHHOH, CTOHMOCTHHTA. 

npH B03HHKHOBCHHH KpHTMeCKHX CHTyaHHH, nOCJie KOTOpblX 3KcnjiyaraHHa aB- 
TOMo6njia CTaHOBHTC« onacHofi BHOBb, MeHaeTca nporpaMMa ACHCTBHH BOAHTeaa: OH 

nepexoAHT K saAane o6cjiya<HBaHHa aBTOMOÖHJia. PeuiaeT OH 3Ty saAany caM HJIH C no- 
MombK) cepBHCHOÄ cnyAi npHHiunraajibHoro SHaneHHa He HMeer, TaK KaK B O6OHX 

caynaax HCOöXOAHMO HEATH HencnpaBHOCTb H sareM ee ycrpaHwrb, a pm STOTO Heoöxo- 
AHMa HOBaa nporpaMMa - nporpaMMa noHCKa HencnpaBHOCTH H ee ycTpaHeHHa. ECJIH 

AJia ycrpaHeHHa HencnpaBHOCTH Tpe6yK)Tca 3annacTH, Henjioxo 6H HMerb HH^opMannio 
0 HajiHHHH 3HTI B ÖJiHacaHHieM cepBHCHOM nenrpe HJIH Marasime, ee CTOHMOCTH. TaKHM 
oöpasoM H 3Aecb MH npnxoAHM K HCO6XOAHMOCTH cosAaHHa eAHHOH HH^opMannoHHOH 
ceTH, eAHHoil 6a3bi AaHHbix pm. co3AaHHa cncTeMbi noAAepacKH BOAHTCAH. 

CaMoaer 
3aAana jiernHKa AOcraBHTb naccaacnpoB H3 nyHicra A B nyHKT B. OH AoaaceH 

ynpaBjiaTb nponeccoM: BBCCTH Heo6xoAHMbie HaBHranHOHHbie AaHHbie, BKJiiOHHTb He- 
o6xoAHMbie arperaTbi, flBHnmym, BbipyjiHTb Ha noiiocy, pasoraarc, caMOJier, BSJiererb, 
BMHTH Ha saAaHHbin Mapiupyr, ocymecTBHTb nojier no saAaHHOMy Mapuipyry c COöJIIO- 

AeHHeM npaBna Boaflynraoro ABHaceHHa, BOHTH B soHy aapoApoMa, ocymecTBHTb nocaA- 
Ky H T A npn BOSHHKHOBeHHH onacHofi CHTyaHHH ero saAana cnacra JIIO6OH HCHOH nac- 
caacnpoB H He HanecTH HenonpaBHMoro ymep6a JiioAaM Ha seMjie. nosTOMy BaacHbiM 

Tpe6oBaHHeM K COM caMOJiera, KaK H aBTOMOÖHJia H aiooofi Apyrofi CHCTCMH, aBjiaerca 
onoBemeHHe 3KHnaaca o HacTynjieHHH KPHTHHCCKHX CHTyanHU 4)opMHpoBaHHe npo- 
rpaMM BbixoAa HS STHX CHTyaHHH. 3ro H ecTb ^yHKnna CnO, KOTopaa^npn AanHOM 
noAXOAe aBjiaeTca HeoxbeMjieMOH nacrbio HejiOBeKO-MauiHHHoro HHTep4)eMca (mm). 
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KoCMHHeCKHH KOpaÖJIb. 
C TOHKH 3peHHH ynpaBjieHna uejib nojieTa - flOcraBica 3KHnaaca Ha craHnHio H no 

OKOHnaHHH pa6oT - B03BpaT ero Ha 3eMjiio. 
nojier Kopaöjia COCTOHT H3 pa,aa nocjieflOBaTejibHbix 3TanoB. B 3aAany KocMOHaB- 

TOB BXOAHT BBOfl HaHajIbHblX flaHHHX flJia Ka>KflOrO H3 3TanOB, 3anyCK COOTBCTCTByK)- 
UJHX nporpaMM H Kompojib HX HcnojrHeHHa, KOHTpojib pacxoaa pecypcoß Kopa&rca, rrpH 
Heo6xoflHMOCTH KOHTpojib H ynpaBjieHHe peacHMaMH paGoTbi GopTOBbix CHCTCM, BeRe- 
ime CBH3H C 3eMJiefi H flp. 

OcHOBbiBaacb Ha BbimeyKa3aHHOM noflxoße K nocTpoeHHio HMH, COKE KT co- 
BMecTHO c PKK "3Heprna" BnepBbie B MHPOBOH npaKTHKe npHCTynnjiH K co3flaHHio <>#- 
H03KpaHHbrx «HajioroBbix COH fljia MOflepHH3HpyeMoro KopaÖJia C0103-TMA H pynHO- 
ro KOHTypa ynpaBjiem-ia öOPTOBHMH CHcreMaMH poccHHCKoro ceraem-a MKC. 

B HacToamee BpeMa onpeA&jieHbi TexHOJiorna pa3pa6oTKH HH<|)OpManHOHHoro 
oöecneneHHS COH, CTpyioypa H cocTaß rjiaBHoro H BcnoMoraTejibHbix MeHio, ocHOBHbie 
4>opMaTbi OTo6pa>KeHHa, oöocHOBam nocToaHHO OTOÖpaacaeMaa nacrb HHCpopMauHH n 

IIpMHUHiTbi H MeroAbi CTpyKTypnoii opraHH3auHH CIIH Ha naHejiax nyjibTOB 
H npHÖOpHblX flOCOK. 

OAHHM H3 HayHHwx H npaKTHHCCKHx AOCTHÄeHHH KocMOHaBTHKH aBjiaerca peuie- 
HHe 3aflaHH cHHTe3a KOMnaKTHbix COH öojibinnx CHCTCM (EC). Jlp KocMOHaBTHKH COH 
EC C03flaBajiHCb Ha ocnoBe napajijiejibHbix cnocoöoB npeflCTaBjieHHa H BBOfla HHtpopMa- 
HHH. COH, nocTpoeHHwe nOAOÖHbiM o6pa30M, HanpHMep, Ha öJIOHHMX innrax o6beKTOB 
3HeprerHKH 3aHHMaiOT HecKOjibKO flecaTKOB KBa#paTHbix MerpoB. rpOM03flKOCTbio OT- 

jiHHaiiHCb COH caMOJieroB. 
B paMKax KOCMHHecKHx nnjioTupyeMbix nporpaMM 6WJTH peuieHbi ocHOBHbie npo- 

6jieMbi CHHTe3a KOMnaKTHbix COH. Ha STOH OCHOBC 6WJIH co3AaHbi Bee OTenecTBeHHbie 
CHcreMbi pyHHoro KOHTypa ynpaßjieHa, B TOM nncjie KOMnaeKca AjiMas, craHUHH CaniOT 
H MHP, BKC EypaH. OGIUHH snjs, o6o6nieHHofi naHejin HHTerpnpoBaHHoro nyjibTa COH 
npHBe^eH B pa^e paöoT, B TOM HHCJie B paöoTe 1 

OcHOBbiBaacb Ha BbimenpeAcraBjieHHOH KOHnennnH cnHTe3a coßpeMeHHbix KOM- 

nbK)TepH3HpOBaHHbIX COH, HaMH COBMeCTHO C HTEU, aBTOMaTHKH H npHobpocTpoeHHa 
HMeHH aKafleMHKa H.A. nmnoraHa, OKE ManraHOcrpoeHHa r. HHSCHHH HoBropo/i 6HJIH 

npefljioaceHbi HHTerpHpoBaHHbie COH ACY oöbeicroB SHepreraKH2. fljia npnMepa Ha 
pHC. 1 noKa3aHa COH fljia nexa cnenBOflOonncTKH OAHOH PO 3jieKTpocTaHHHH. 

B 90-x ro^ax CHHTesnpoBaHa OflHOSKpaHHaa COH fljia MOflepHH3HpyeMoro KO- 

paöjia CoK)3-TMA. 3TO npHHniinHajibHO HOBWH pe3yjibTaT. Ero flocraHceHHe crano 
B03M0>KHbiM 6jiaroaapa nocjieflHHM flocraaceHHaM aproHOMHKH, sjieicrpoHHKH, KOMnbio- 
TepHon rpa<J)HKH H HOBOMy noAxo^y K opraHraauHH MeaoBeKO-ManiHHHoro HHTep(J)eHca. 
BHeApeHHe nojiyneHHbix pe3yjibTaT0B B flpyrnx OTpacjiax npOMbinuieHHOCTH MOiKer 
npHBeCTH K ÖOJIblUOH 3KOHOMHH TeXHHieCKHX H npOrpaMMHWX CpeflCTB H cnoco6cTBO- 
BaTb cymecTBeHHOMy noBbiuieHHio 34)4)eKTHBHOCTH pa6oTOB onepaTOpoB H B nenoM 
6e3onacHOCTH öojibniHx CHCTCM fleaTejibHOCTH. 
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BblBOflbl 
1. KocMOHaBTHKa cnoco6cTBOBana HHreHCHtpHKauHH paöoT no co3#;aHHJO 

cpeACTB o6ecneHeHHa fleOTejibHocra nejioBeica B 6ojibiiiHx CHcreMax, peme- 
HHK) 3aAaHH CHHTe3a HHTerpnpoBaHHbix COM, pa3pa6oTice npHHUHnoB no- 
crpoeHHfl KOMnbTepnsHpoBaHHbix HHTejijieiciyajibHbix COH «HajioroBoro TH- 
na. 

2. JJflH uinpoKoro HcnojiMOBaHHa B npoMbmijieHHOcra H SHepreraKe Moryr 6bm> 
peKOMeHflOBaHbi oxpaöoTaHHbie B paMKax KOCMHHCCKHX nporpaMiw: 

• opraHH3auHOHHbie npHHimnbi C03,qaHHsr COH 6ojibiiiHx CHCTCM, 

• npHHu,Hnbi nocTpoeHHH HHTejiJieicryajibHbix flnajioroBbrx, B TOM HHCJIC oa- 
H03KpaHHbIX COH, 

• TexHunecKHe is. nporpaMMHbie cpencTBa coBMemeiras TB H ßHcnjieÄHOH 
HH(popMau,HH H npeACTaBjieHHH ee Ha VGA-MOHHTOpax, 

• cpeflCTBa npeo6pa30BaHHH UHijbpoBofi ^HcnjiefiHOH HH<})opMaH,HH H OTO- 

6pa»teHHa ee Ha TB-MOHmropax. 

3. npHMeHCHHe Ha3eftlHbIX KOMnblOTepHblX H  HH<J)OpMaUHOHHbIX TeXHOJIOrHH B 
COH npoMbiuuieHHbix H pa3jiHHHoro poaa noABHmibrx oöbeicroB öyaer cno- 
coöcTBOBaTb cymecTBeHHOMy yiweHbuieHHio 3aTpaT Ha HX co3flaHHe H noBbi- 
HieHHK) 3<p(peKTHBHOCTH paÖOTOB OnepaTOpOB H B UejIOM 6e30naCHOCTH 60JIb- 
mnx cHCTeM AeaTejibHocTH. 

1 K).A. TnnMeHKO noflxoflbi K CHHTe3y CHCTCM OTo6paaceHHK HH<|)opMaHHH 3Hep- 
roöjiOKa/ IlpHKjiaAHaH aproHOMHKa. CneuHajibHbiH BbinycK: 3proHOMHica B 3Hep- 
rerHKe//M.: AccouHauHs npHKjiaflHOH aproHOMHKH. Bbin.3, 1993 

2 K). A. TanneHKO Generic Information Display System for the Center of the Nu- 
clear Power Station Unit Operator Systems in Nuclear Power Plants /Proceedings 
of the Special Meeting held in Moscow, Russion Federation, 17-21 May 1993. 
IAEA. Pp. 165-176// International Atomic Energy Agency. IAEA-TECDOC-726 
ISSN 1011-4289. IAEA Vienna 1994/ 
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Possibilities of transfeiring the manned space technologies 
in information display systems to the other branches. 

Y.Tyapchenko 
Specialized Space Technique Design Bureau Space Technic 

of Institute of Aircraft Equipment 

140160 City of Zhukovsky - 2, Moscow region, Russia 
UlitsaTupoleva,18 

Fax/tel: (095)5562350 

Astronautics is one of the advanced branches of science and technique. Financing this 
branch, investor beginning with some stage, has a right to demand of returning the means, 
that have been put by him, in tffe form of space activity results or technologies, which could 
be used in the otf er branches of industry (OBI). 

One or^the components of manned space object (MSO) is the information display 
system (IDS) - the system providing the cosmonaut activities. This paper presents and 
considers some possible directions of using the results of works in IDS for OBI. 

IDS is a specific component of MSO. It is a man-machine interface (MMI), 
consisting of two interfaces: hardware interface (HI) and ergonomic interface (El). 

El is provided by the display means (DM), control means (CM), their location on 
the console panel and by the dialogue system (DS). 

HI is provided by the matching units of DM and CM with the control object and 
the console structure. 

Accordinly, several directions are possible to search for the objects in OBI to use 
the results of works. These are: (a) organizing - technical methods (OTM) of development 
and production of the hardware and software components for the given class systems, (b) 
HI means, (c) El means, (d) principles and methods of DS El design, (e) principles and 
methods of scheme organization of DM on the console panels. 

MMI exists in any technical system (TS). It makes the favourable pre-conditions 
for decision of the problem, connected with returning means, that have been spent. 

The paper describes the work results analisis in the field of IDS for MSO and 
demonstrates, that in all directions, except indicated in point (b), we have advances at the 
world level, and by point (c) - above the world level. It presents examples of using IDS 
MSO advances in power engineering. It is noticed, that one can get the largest effect by 
using the complex approach to MMI design, that is founded on the principles of time- 
program displaying of information. 

The work results, got in the interests of power engineering, confirmed that 
chosen methods were universal and allowed to move to the development of the fifth 
generation systems for MSO. 

Jury Tiapchenko 



ÄHaJlIO TeXHHK0-3K0H0MIPieCK0H 3(p(peKTHBH0CTH HHBeCTHIB*- 

OHHMX npoeKTOB no Hcnojib30BaHHio MajioMaccoraßapHTHbix 

KOCMHHeCKHX aimapaTOB. 

n.A63ajioB, lO.^aHbKOB, B.HOBHKOB 

OpraHH3auH5i «AraT» 
141070 r.Kopojies, MocKOBCKan O6JI, yji-UHOHepcKan, 4. 
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CocroHHHe paKeTHO-icocMHHecKOH OTpacjra (PKO) OTpaacaeT cymecrayiomee 
nojioKeHHe B POCCHHCKOH SKOHOMHKC. Onpe^ejiaa MHHHMajiBHbia ypoBem> rocyaap- 
CTBeHHofi noßziepacKH, npaBHTejiBCTBO PO peKOMeHÄOBajio PKA nrape npHBjieicaTb 
BHeöroflacexHbie cpe^cTBa OTenecTBeHHtix H 3apy6eacHbix HHBecTopoB. Bojibinyio no- 
Monjb B penieHHH STOö saaa™ MOJKer 0Ka3aTb npeflocTaBjieHne KOCMHHCCKHX yarcyr B 

oGjiacTH MajiOMaccora6apHTHbix KOCMinecKHX annapaTOB (MKA) #33, CBH3H H Hay- 
KH. 

PoccHHCKaa KocMjraecKaa OTpacjn. Moacer ccöflaBaTb koHKypeHTOcnocoÖHbie 
MKA caMOCTOjrrejibHo HJIH B3äTB Ha ce6a rojiOBHyio pojib B HX co3flaHHH, nocKOJibKy 
eme He ncnepnaH Haymo-TexHHHecKHii 3a#eji, coxpaHaioTca coBpeMeHHaa SKcnepH- 
MeHTajibHO-npoH3BOflCTBeHHaa 6a3a H BbicoKOKBajm4>HnHpoBaHHHe Kaapbi. IlepcneK- 
THBeH BapnaHT npHBJieneHHH 3apy6e:>KHbix HHBecropoB, nefi Hmrepec oöbHCHseroi, 
npe^Cfle BCerO, HH3KOH CTOHMOCTbK) C03flaHHK pOCCHHCKHX MKA H B03MO)KHOCTbK) 
nojiyHeHHa BHCOKOH npH6bijra Ha BjiOHceHKbifi Karrerraji. TaKHM o6pa30M, napTHepcT- 
BO B03M03KHO npH  B3aHMOBbiroffHbix o6a3aTejibCTBax H  rapaHTHflx cropoH.   ripH 
3TOM BeCbMa CJKMKHMM H TpyflOeMKHM flBJIHeTCfl BOnpOC «OCTOBepHOH OUeHKH nO- 
Tpe6HbIX HHBeCTHHHH IIO C03flaHHK> MKA. 

IIpeflCTaBjieHa nocraiiOBKa 3aaaHH no TexHHKO-SKOHOMHnecKOMy HCCJie^OBa- 
HHK) HHBecTHHHOHHbix npoeKTOB no co3ÄaHHK) H Hcnojib30BaHHio MKA wia penie- 
HHH rjio6anbHbix connajibHO-SKOHOMEraecKHx 3a«aH.. OneHica TCXHHKO- 

SKOHOMHHecKHX noKasaTejiefi MKA c npnMeHeHHeM KpHrepHH SKOHOMKHCCKOH scp- 
4>eKTHBHOCTH npoeKTa no3BOJnrr oSocHOBaTb Bbiöop HHBecTHHHOHHoro npoeicra c 
coBpeMeHHbix no3HUHH äOXOäHOCTH H npH6bijibHOCTH, pauHQHajibHyK) KoonepauHK» 
H pacnpeaejieHHe noTpeÖHbix HHBecranHH cpeflH 3aHHrepecoBaHHbix noTpe6HxejieH. 

PemeHHe 3a#anH ocHOBaHO Ha CHCTCMHOM aHajiH3e jKHSHeHHoro uHKjia co3fla- 
HHs npoeicra, BKJiiOHaa npoBeaeirae SKcnepuMeHra B TeHemie nporpaMMHoro nepno- 
Äa. 3aflana <popMajiH30BaHa B Bime nerbipex 6JIOKOB, 3aMKHyTbix oöpaTHofi CBJöbio. 

OcHOBy nepBoro ÖJiOKa cocTaBJiaioT xapaKrepncTHKH H npHopHTerbi nocraB- 
jieHHbix nejießbix 3a«aH, Tpe6oBaHHa noTpe6HTejreH K TepMHHanaM H conpajKemraM c 
BHeniHHMH ycTpoScTBaMH, ajibxepHaTHBHbie BapnaHTbi cymecTByiomHX H pa3pa6aTbi- 
BaeMbix MKA B PO H 3apy6e)KOM. Bo BTOpowr 6jioice npoH3BOflHTC* {popMHpoBaiare 
npeflBapHTejn.Horo oöjmica MKA H cncxeMbi, npe^araercH opHeHTHpoBOHHbm co- 
CTaB MeagryHapoflHOH Kooriepannn no pa3pa6oTKe (flopa6oTKe) MKA, npeflnoHra- 
TejibHbie cpeflCTBa BbiBe^eHHH, O6JIHK HHtppacTpyKTypbi. B TperbeM 6jiOKe npoH3BO- 
flHTC» Bbl6op    KpHTepHH SKOHOMHHeCKOH 3(p<peKTHBH0CTH OT TeXHHHeCKOrO ypOBHH 
npoeicra H ero (popMajnreanHH. 

OGpaTHaa CBH3b c Tperbero Ha nepBbiö 6JIOK «ejiaeT 3aflany peKypcHBHofi H no- 
3BOJiaeT Bbi6paTb onTHMajn>Hbrii c TOTKH 3peHna MHHHMH3anHH 3aTpaT npoeier, y^oB- 
jieTBopaioniHH 3aHHxepecoBaHHbix HHBecTopoB c yneTOM TexHHHecKoro H tpHHaHCO- 
BOrO pHCKOB. 

B neTBepTOM 6noKe Ha <pOHe aHajra3a MHpoBoro pbnnca no peajiH3auHH pe3yjn>- 
TaTOB SKcnepHMeHTa npHHHMaroTca oKOH^aTeTOHbie pemeHna no Me^cflyHapOÄHofi 
KoonepanHH, 4)HHaHCHpoBaHmo npoeicra H pacnpeflejieHHK) HHBecTHUHH. 
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The condition of space-rocket industry (SRI) reflects an existing situation in 
Russian economy. In defining a minimum level of state support, Russian government 
recommended Russian Space Agency (RSA) to involve wider an assets of the domestic and 
foreign investors beyond Federal Budget. The large help ill the decision of this problem can 
render granting of space services in area of small spacecraft (SS) for remote sensing, 
communication, and science. 

The Russian space industry can create competitive SS independently or to play a 
head role in their creation, as the stock of completed technological research on hand, 
modern experimental - industrial base and highly skilled staff are not yet exhausted. Variant 
of*attraction of the foreign investors, whose interest is explained, first of all, by low cost of 
creation Russian SS and opportunity of the high profit reception on the enclosed capital, is 
promising. Thus, the partnership is possible at the mutually advantageous obligations and 
guarantees of the parties. Thus rather complex and labour-consuming is'the question of an 
authentic estimation of the required investments on the SS creation. 

Statement of a problem on technological research of the investment projects on 
creation and use of the SS for decision of global socioeconomic problems is submitted. 
The estimation of the SS' technological parameters with application of criterion of an 
economic efficiency of the project will allow to prove a choice of the investment project 
from modern „positions of earning power and profitability, rational cooperation and 
distribution of the required investments among the interested consumers. 

The decision of the problem is based on the system analysis of project creation life 
cycle, including realization of experiment during program period. The problem is 
formalized as four blocks, closed by a feedback. 

The basis of the first block is made with the characteristics and priorities of put 
target problems, consumers' requirements to the terminals and interfaces with external 
devices, alternate variants of existing and developed Russian and foreign SS. In the second 
block formation of preliminary shape SS and system is made, rough structure of 
international cooperation on SS development (completion), preferable means of launch, 
shape of an infrastructure is offered. In the third block a choice of criterion of an economic 
efficiency from a technological level of the project and its formalization is made, 

The feedback from the third to the first block makes the problem reccurent and 
allows to choose optimum project from the point of view of minimization of expenses, 
satisfying the interested investors with technical and financial risks taking into account. 

In the fourth block on a background of the global market analysis of the experiment 
realization results the final decisions in international cooperation, financing of the project 
and distribution of the investments are accepted. 



OueilKa pblHOIHOH 3Ha«IHMOCTH MaJIMX KA pa3JlHMHOrO 
Ha3IiaMeiIHH B COBpeMeHHOH 3K0H0MHqeCK0H KOHMOHKType 
MHpoBoro KOCMHqeCKOrO pMHKa. 
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B CTaTLe npeflCTaBJieHH ocHOBHbie oÖmecncTeMHbie npenMymecTBa 
H KOMMepHeCKH SHa^IHMLie flOCTOHHCTBa KOCMHHeCKHX CHCTeM, Hcnojib3yio- 
mnx MajiLie KocMH^ecKHe annapaTbi. 

PaCCMOTpeHbl OCHOBHBie OÖJiaCTH HX npHMeHeHH«: CB5I3b, JXHCTaHUHOH- 
Hoe 30HflHpoBaHHe 3eMJiH, Hayrowe HccjieflOBaHHH H oTpaöoTKa TexHojio- 
rHH. 

OTMe^eHa TeHfleHnna npenMymecTBeHHoro Mcnojit30BaHHH MajiLix KA 
B COCTaBe MHOrOSJieMeHTHBIX HHSKOOpÖHTajIbHblX CHCTeM MOÖHJIbHOH CBH3H 
H uiHpoKonojioCHOH nepe^ara jjaHHbix, a Taicace mnu oneHKH KOJiH^ecTBa 
nojib30BaTejieH 0Ka3biBaeMbix HMH ycjiyr. 

QjejiaH BbiBOfl o KOMMepqecKOH nepcneKTHBHOcra HHOKP H npoH3- 
BOflCTBa KOHKypeHTOCnOCOÖHblX   Ha   MHpOBOM KOCMH^eCKOM pblHKe MaJIblX 
KA. 

06m;enpH3HaHHoro onpeßejieHHfl noiwrafl "MajibiH KA HJIH Majibra 
cnyrHHK" He cyiuecTByex. OSbrrao CTHTaeTcn, HTO MajibiH KA HMeT Maccy 
He 6ojiee 1000 KT. KocMnnecKHe annapaTbi Maccon MeHee 100 KT 3aqacTyio 
Ha3biBaK»T "MHKpocnyrHHKaMH", a MeHee 10 KT - "HaHocnyraHKaMH". B 
YHHBepcHTeTe rpatpcTBa Cyppeft (BejiHKoöpHTaHHH) - O^HOM H3 MHPOBHX 

JIHflepOB   B   flaHHOH   ö6jiaCTH - "MaJIHMH" npHHüTO CHHTaTb KA Maccon OT 
500 KT ÄO 1000 KT, a annapaTbi BecoM OT 100 KT JJ;O 500 Kr Ha3biBaioT"MHHH- 
cnyrHHKaMH".  B EßponencKOM areHTCTBe npHHHTa cjieayiomaH KJiaccncpH- 
KanHH:  350-700 KT - "Majibie",  80-350 Kr - "MHHH" -  H 50-80 KT -"MHKPO- 

CnyTHHKH". 
CTOHMOCTb pa3paÖOTKH H npOH3BO^CTBa THnOBOrO MHHHCnyTHHKa COC- 

TaBJiaeT $ 5-20 MJIH., MHKpocnyrHHKa - $ 2-5 MJIH., a HaHocnyrHHKa - B 

npe^ejiax $ 1 MJIH. Husce nofl "MajibiM cnyTHHKOM" noflpa3yMeBaeTCü KA 
MaccoH MeHee 1000 KT. 

Majibie KA pacnpeßejraioTCH no Ha3HaHeHHK) ( B cpezjHeM no coBOKyn- 
HOCTM HMeioiunxcH flaHHbix Ha nporao3HpyeMbiH nepHOÄ JJ;O 2015 r.) cjie#y- 
loiiniM o6pa30M: 
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CnyTHMKOBaa CBJöL 52% 
Ha6jiK)ji;eHHe 3eMJiH 32% 
HayHHBie nporpaMMbi 16%. 

KocMHHecKHM CHCTeMaM Ha ocHOBe MKA npHcyuiH ocHOBHbie npen- 
MymeCTBa KOCMHHeCKHX CHCTeM, B TOM queue: 

- HCKJiiOHeHHe noMex,  CBJoaHHbix c HCKaxeHHaMH B arMoccjpepe (KOC- 

MH^ecKaji Hayxa); 
- rjToöajiKHocTb oxBaTa (HJIH oÖ3opa) 3eMHOH noBepxHoera; 
- BbicoKaa nepHOflHHHocTB HaöjnofleHHa (CBCMKH) öojibuiHX paßoHOB 

3eMjiH (cHCTeMH #33); 
- BLicoKaH onepaTHBHocTL (HenpepbiBHocTt) nepe^aHH flaHHbix H H3O6- 

paaceHHH (oGecneneHHe CBA3H aöoHeHTOß); 
- He3aBHCHMOCTb OT norOJIHblX yCJIOBHH H npHpOflHHX KaTaKJIH3MOB; 
- He3aBHCHMOCTb OT nOJIHTHHeCKOH OÖCTaHOBKH B KOHKpeTHOM paHOHe 

3eMJiH; 
- B03M0)KH0CTb fljiHTejibHoro oöecneqerara ycjioBHH BaKyyMHpoBaHHü H 

MHKporpaBHTai^HH (sKcnepHMeHTbi B KocMoce); 
- HH3Kaa cTOHMocTb cbeMKH ejjHHHHbi njiomanH noBepxHocra 

(CHCTeMH ^33) H Jjp. 
HapH/xy c nepe^HCJieHHbiMH Bbiiiie OöIUHMH npeHMymecTBaMH, KOCMH- 

HQCKne CHCTeMH Ha 6a3e MKA ooJia/jaiOT KOMMep^ecKH 3HaHHMbiMH JJ;OCTO- 

MHCTBaMH, TaKHMH KaiC 
• HH3KaH CTOHMOCTb pa3pa6oTKH H C03flaHHH. 
• CpaBHHTejIbHO KOpOTKHe CpOKH pa3pa60TKH H H3rOTOBJieHHH. 
• Bo3MOXHocTb MejiKocepHHHoro npoH3BoacTBa  (mm cjiy^aa KOCMH- 

qeCKHX CHCTeM C 60JIbIUHM KOJIHqeCTBOM MKA Ha OpÖHTe). 
• B03M03CH0CTb HCnOJIb30BaHHH MOÖHJIbHHX   CTapTOBblX   KOMnjieKCOB 

/xrra 3anycKa MKA. 
• BbicoKaa onepaTHBHocTb pa3BepTbiBaHHH rpynnnpoBOK MKA 3a cneT 

HCnOJIb30BaHHH   UIHpOKOH   HOMeHKJiaTypbl   CpeflCTB BbIBeßeHHfl ( OT   aBHa- 
iiHOHHo-KOCMH^ecKHX flo PH TJDKejioro KJiacca). 

• Bo3M03KHocTb onepaTHBHoro pearapoBaHHH Ha TeKyiuHe Tpe6oBaHHJi 
nojib30BaTejia (HJIH 3aKa3HHKa npoeicra). 

• BbicoKa« roTOBHocTb K MOjjepHH3au;HH npoeKTa B nejioM HJIH ero 
cocTaBJifliomHX noa cnenH(pHi<iecKHe 3a/j;aHH H3-3a H3MeHeHH£ oöbeKTHBHbix 
OÖCTOHTejIbCTB. 

• BbicTpoe BHejjpeHHe B npoeKTbi nepejj;oBbix TexHOJiorHH. 
• 3(p<peKTHBHaji onTHMH3auH5i opöHTajibHbix napaMeTpoB MKA nojj, 

KOHKpeTHyio 3a/j;a*iy. 
• Bo3MOXHOCTb   KOHUeHTpaUHH   yCHJIHH JJJIfl BbinoJIHeHHH OJIHOH HJIH 

HecKOJibKHX 3aaaq ((pyrnoiHH). 
• OTcyrcTBHe pHCKa oTpHnaTejibHoro B03aHMOBJiHJiHHJi HejieBOH anna- 

paTypbi (H3-3a orpaHH^eHHOH, Kaic npaBHJio, HOMeHKJiaTypbl nejieBOH anna- 
paTypbi). 

• HeBbicoKHH pHCK peajiH3aHHH npoeKTa. 
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• B03M02CH0CTB H OTHOCHTeJIBHafl JierKOCTB flJIfl nOBTOpeHH5I,pa3BHTH5I 
HJIH npoflojix;eHHH npoeKTa B öyzryiiieM. 

• YJJ;O6CTBO, Majibie ra6apHTBi H oTHocHTejiBHaa ;j;eiiieBH3Ha Ha3eMHOH 
TepMHHajiBHOH (nojiB30BarejiBCKOH) annapaTypBi. 

riepe^HCJieHHBie npeHMymecTBa KOCMHHCCKHX CHCTCM C HcnojiB30Ba- 
HHeM MKA no3Boji5iiOT peajiH30BbmaTB BBicoKOTexHOJioraHHBie, HeaoporHe, 
ÖBICTpOBBinOJIHHMBie   H   JierKOMOflepHH3HpyeMBie   npoeKTBi   KOCMHHeCKHX 
cHCTeM, MaKCHMajiBHo yqnTBiBaiomHe TpeöoBamiH noTeHUHajiBHBix noTpe- 
ÖHTeJieH   (3aKa3qHKOB).    HH3KHe   CTOHMOCTB   H   pHCK peaJIH3aU[HH flaHHBIX 
npoeKTOB ^ejiaioT HX BecBMa npHBJieKaTejiBHBiMH ZUIH 3aKa3HHKOB H3 pa3BH- 
BarourHxcji CTpaH. 

^aHHBie OÖCTOHTeJIBCTBa n03BOJIHK)T C^ejiaTB BBIBOfl O BBICOKOH KOHKy- 
peHTOCnOCOÖHOCTH H IllHpOKHX nepCneKTHBaX HCnOJIB30BaHHfl   KOMMepMec- 
KHX CHCTeM c MKA Ha pa3JiHqHBix cemeHTax MHpoBoro KocMHHecKoro 
pBIHKa. 

A. TejieKOMMyHHKaijHKi 

Oco6oe MecTO no cBoeft noTemiHajiBHOH 3KOHOMHnecKOH ow^e B 

3TOM pH/jy 3aHHMaiOT npOCKTBI   rjIOÖaJIBHBIX HH3KOOp6HTajIBHBIX cnyraHKo- 
BBIX CHCTeM MOSHJIBHOH CBJI3H na 6a3e MajiBix KA. JlMflepcTBo cpeßH no/j;o- 
6HBIX CHCTeM npHHa^JiexHT npoeKTy "HpHflHyM", KOTOPBIH peajiH3yeTCH 
KOHCOpHHyMOM, B03rjiaBJMeMBIM   aMepHKaHCKOH   KOMnaHHeH "MoTopojia". 
B paMKax 3Toro npoeKTa B nepnoji c 1997-:-1998 rr.  Ha opÖHTBi BBICOTOH 

~765 KM 6BIJIO BBiBe^eHO 72 cnyrHHKa Maccoii ~700 Kr, cpoK cjryacÖBi KOTO- 

pbix cocTaBHT ÄO 5 jieT.  B cocTaB KOHcopnnyMa BXOJIOT napTHepBi H3 
POCHHH,  KHTaa, ünoHHH,  KaHa^Bi H pa^a /rpyrax CTpaH. CTOHMOCTB ocy- 
mecTBJieHHa npoeKTa oneHHBaexca He MeHee, neu. B 3.4 MJipa.floJiJi. CIIIA. 

Cpe^H Äpyrnx MOöHJIBHBIX cnyraHKOBBix CHCTCM CBH3H (MCCC) Ha 
6a3e MKA, pa3BepTbiBaHHe KOTOPBIX yace Ha^ajiocB HJIH äOJEKHO HanaTBca 
B ÖJiHxaHineH nepcneKTHBe cjie/ryeT OTMCTHTB MCCC "Orbcomm" (rojioB- 
HOH pa3pa6oT^HK (pHpMa Orbital Sciences, CIIIA) - 36-:-48 cnyraHKOB Ha 
opÖHTe (Ha^ajio SKcnjiyaianHH - 1998 ro/jy) H CHCTeMy "Globalstar" (TOJIOB- 

HOH pa3pa6oTHHK (pHpMa Loral/Qualcomm) - 56 cnyTHHKOB Ha HH3KOH 

opÖHTe (Hanajio SKcmryaTanHH ~1998 r.). 
H3 nepcneKTHBHBix npoeKTOB MO>KHO OTMCTHTB npe/xnoaceHHe «pnpMBi 

"Tejiejj;eHCHK" o C03/j;aHHH OAHOHMCHHOH MCCC, BKJiKraiomeH 288 CHOB- 

HBIX H 36 pe3epBHBix MKA (BBOä B aKcnjiyaTaumo ~2002 r.). 
PeajiH3anHH no^oÖHBix npoeKTOB MOöHJIBHOH rjio6ajiBHOH cnyraHKO- 

BOH   CBK3H   npOH3Be/j;eT   peBOJUOHHIO B OÖJiaCTH MHpOBBIX TCJieKOMMyHHKa- 
HHH: TejietpoHHOH, cfaKCHMHjiBHOH, neH#>KHHroBOH, BHfleocBH3H, nepefla^H 
ÄaHHBIX H T.fl.,   HTO   n03BOJIHT IHHpOKO npHMeHHTB nepcneKTHBHBie KOMnB- 
K)TepHBie TexHOJiorHH,  co3^aBaTB rjioöajiBHbie HHcbopManHOHHBie ceTH B 

JIK)6BIX   OTpaCJIflX 6H3Heca H KOMMepHHH C HeorpaHH^eHHBIMH B03M02CH0C- 
THMH. 

ITporH03Ha5i oueraca KOjtiraecTBa nojiB30BaTejieH HH3Koop6HTajiBHBix 
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cnyTHHKOBbix cHCTeM CBA3H (CCC) Ha 6a3e MKAAO 2001-2003 ro^a no 
HeKOTOpHM oöJiacTHM pbiHKa npeÄCTaBjieHa B Ta6jiHHe 1. 

B Ta6jiHu;e 2 npeflCTaBJiem>i MaTepnajibi, no,moTOBJieHHbie aMepHKaH- 
CKOH KOHcajiTHHroBOH (pHpMOH C.A. Ingley & Co., no oneHKe npomo3a 
( ÄO 2009 r. ) KOJinnecTBa HOAIIHCHHKOB (aöoHeHTOß) fljiü pafla CB*I3HMX 

cnyTHHKOBbix CHCTeM, B T.H. Indium H Globalstar Ha 6a3e MKA. 
AHajiH3 TaöJiHqHBix ÄaHHHX noKa3LiBaeT, HTO oömeMHpoBoe KOJIHHCCT- 

Be aöoHeHTOB yxa3aHHtix MOöHJIBHBIX CCC, HaHHHaa c ~400 TBIC aöoHeH- 
TOB B  1999 rosy MoxeT yBejiHHHTbCJi noqra Ha flßa nop*mKa K 2000- 2010 
TOflaM   H   COCTaBHT ~30 MJIH. aOOHBHTOB. IlpH 3TOM npOHeHTHaa flOJIfl CBÄ- 
3HBix CHCTeM Ha 6a3e MKA cocTaBHT ~90% B 1999 roay ( H3-3a paHHero 
pa3BepTbmaHHa ^aHHbix CHCTCM no OTHoiueHHio K ApyraM) ~50% B 2000- 
2001 H flajiee «o 2009 ro^a nporao3HpyercH Ha ypoBHe 40-41%. 

B. HaöJiiOÄeHHe 3eMJiH OmcTaHuiionHoe 30HflHpoBaHHe). 

Hefloporae Majibie cnyTHHKH oTKpbreaiOT B03M02CHOCTb co3flaHHH MHO- 

roajieMeHTHbix cnyTHHKOBbix CHCTCM Ha6jno,n;eHHfl, no3BOjraiomHX noBbicn- 
Tb nepHOflHHHOcTb HaöJiKweHHü c 10-20 cyTOK flo 12 HacoB npHMeHHTejiBHO 
K jnoooMy pafioHy 3eMHOH noBepxHocTH. 

BaxHeHiiieH ocoöeHHOCTbio TaKHX CHCTCM «BJiaeTca nepe^ana «aHHbix 
HenocpeacTBeHHO Ha MHOiwmcjieHHbie Heoojibuine Ha3eMHbie  npneMHbie 
CTaHHHH 6e3 HCnOJIb30BaHHH neHTpaJIH30BaHHbIX Cpe^CTB   oöpaöoTKH ÄaH- 
Hbix H pacnpeÄejieHHfl pe3yjibTaTOB. IIpeHMyniecTBaMH B ßaHHOM cjiy*iae 
KBJi£eTCH  nepeaaqa pe3yjib'raTOB Ha6jiKmeHHH npaKnraecKH B peajibHOM 
MacniTaöe BpeMeHH, MeHbrnne o6beMbi 6a3 ÄaHHbix H npocTOTa pacnpe^e- 
jieHHH HH<popMaHHH, flaace B panoHax, r^e HeT xopouien CBJDH. B pjme cjiy- 
qaeB - jiecHbie HJIH CTenHbie noxapti, SKOjiornqecKHe KaTacTpoipbi, pw6o- 
JIOBCTBO   B   IUTOpMOBblX   yCJIOBH5IX - MOHHTOpHHr   B peajibHOM BpeMeHH H 
ÄeHeHTpajiH3auHH npocTO Heo6xo^HMbi. CymecTByeT TaKace HCHO BbipaxeH- 
Haa noTpeÖHocTb B onepaTHBHOM nporH03HpoBaHHH 3eMJieTpKceHHH, 3a- 
ßjiaroBpeMeHHOM oÖHapysceHHH TponmecKHX 6ypb H npeflCKa3aHHH ByjiKa- 
HHHeCKOH fleaTeJIbHOCTH. 

Bo3M02CHOCTb   peUieHHJI 3THX 3aR3M C HCnOJIb30BaHHeM CnyTHHKOBbix 
CHCTeM Ha 6a3e  Heaopornx Majiwx KA no^qepKHBaeT HX KOMMepnecKyio 
3Ha"IHMOCTb npHMeHHTeJIbHO H K «aHHOMy HanpaBJieHHK) npHKJiaaHbix KOC- 
MH^eCKHX HCCJieAOBaHHH. 
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Taöjraua 1. 

Oömee KOJiH- ^OJIH (%), KoJIHHeCTBO 
MecTBO nojib- KOJIHieCTBO nojib30BaTejieii 

OöjiacTH pbiHKa 30BäTejieH nojib30BaTe- ycjiyraMH HH3- 

nojib30BaTejieii ycjiyraMH CBJBH JieÜ HH3KOOp- KOOpÖHTaJIbHblX 
6»TajibHbix CCC CCC Ha 6a3e 

MKA, Tbic. 

TpaHcnopT: 

- rpy30BHKH 1 800 000 23 414 
- Tpeiijiepbi (6ojib- 
uierpy3Hbie aBTono- 
e3^a) 3 900 000 23 897 
- MopcKOH TpaH- 
cnopT 500 000 8.6 43 
- 5IXTH H MOpCKOH 
TypH3M 20 000 000 4.3 860 
- jierKOBbie aBTOMo- 
ÖHJIH/npOTHBOyrOH- 
Hbie CHCTeMM 160 000 000 4.3 6 880 

3jieKTpoHHaa noTra/ 
nefi^iKHHr 20 000 000 8.6 1 720 

YnpaBjieHHe »Htpop- 
MaUHOHHMMH nOTO- 
KaMH: 

- perHOHajibHaK 
aaT^HKOBaa arma- 
paTypa 505 000 23 116 
- HenocpeflCTBeHHoe 
TejieBemaHMe/cHCTe- 
Ma KOHTpOJM Kpe- 
flHTOB 15 000 000 23 3 450 

H T o r o 222 585 000 ~6.5% 14 380 
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Ta6jiHua 2. 

EäHHHHH H3MepeHHfl: MHJIJIHOHbl a6oHeHTOB 

roÄ 
Oömee 
KOJI-BO 
aöoH. 

Inmarsat-P Iridium Globalstar 

Äpyrae 
CHCTeMM 

1999 0.4 0.16 0.16 0.08 

2000 1.2 0.36 0.28 0.32 0.24 

2001 2.8 0.85 0.65 0.74 0.56 

2002 4.8 1.19 0.92 1.03 1.3 

2003 8.4 2.08 1.61 1.81 1.67 

2004 14.0 3.47 2.68 3.02 2.79 

2005 16.1 3.99 3.09 3.47 3.21 

2006 18.5 4.58 3.55 3.99 3.70 

2007 21.3 5.27 4.08 4.59 4.25 

2008 24.2 6.06 4.69 5.28 4.89 

2009 28.1 6.97 5.4 6.07 5.62 

B. Haymwe HccjieAOBaHHH. 

HayqHbie nporpaMMbi o6braHO cpHHaHCMpyioTCfl H3 cpe^cTB HauHOHa- 
jibHoro 6KWKeTa B ^acTM HayKH HJIH KOCMHHCCKHX HccjieflOBaHHH, noaTOMy 
He HBjraioTCfl oö^eicraMH KOMMep^ecKOH ÄeaTejTbHocTH Ha BHyrpeHHeM 
pbiHKe. BMecTe c TeM, Majibie KA HayqHoro Ha3HaqeHH*i MoryT 3aKa3braaTb- 
CH npaBHTejibCTBaMH HHOcTpaHHbix rocy^apcTB, ^TO npeBpaujaeT HX B 06- 
beKT BHeUIHeSKOHOMHqeCKOH KOMMep^eCKOH ÄeHTeJIbHOCTH. 

T. ßeMOHCTpanHOHHbie HcnMTaHHa. 

XteMOHCTpauHK TexHOJioraH ABJiaeTca OäHOH MS Baambix oojiacTeft npH- 
MeHeHHa Majibix KA,  KOTopbie npeÄCTaBJiaioT CO6OH HeÄoporocToamee 

B.Bo6biJieB H ÄP- 



cpeflCTBo fljia npHBe^eHHfl fleMOHCTpaiiKOHHbix, KOHTPOJIBHHX H oneHoq- 
HHX HcnLiTaHHH HOBtix TexHOJioraft HJiM ycjiyr B ycjioBHflx peajibHoro KOC- 

MHnecKoro nojieTa npn upHeMJieMOM ypoBHe pMCKa. no^oOHbie fleMOHcrpa- 
HHH oöbiHHo npeauiecTByioT CJIOJKHMM zioporocTOHmHM HaTypHbiM HcnbiTa- 
HHHM B nojiHOM o6"beMe. B KaqecTBe npHMepa MOXHO Ha3BaTb nporpaMMbi 
HACA Discovery New Millennium, anoHCKyio nporpaMMy Hypersat H npo- 
eKT EKA PROBA.KocMHqecKoe areHTCTBO cppamiHH CNES pa3pa6aTHBaeT 
yHHBepcajibHyio nuaKpopiviy Proteus B HHTepecax KOCMMHCCKOH HayKH,ÄHc- 
TaHIJHOHHOrO 30HflHpOBaHHH H CBH3H, a TaiOKe fleMOHCTpaUHH TeXHOJIOrHH. 
CNES Taicace pa3pa6aTbiBaeT ceMencTBo MHKpocnyTHHKOB  ( Macca 100 KT) 

ÄJifl peiueHHH Hay^iHbix, npHKJiaflHbix H TexHOJionMecKHX 3aii;a*i. 
IlporpaMMa Discovery HBjraeTca xapaKTepHbiM npHMepoM ^eMOHCTpa- 

H,HH TexHOJiorHH B HHTepecax Hsy^eHH^ COJIHCHHOH CHCTCMH ( Lunar 
Prospector , Mars Pathfinder, NEAR). 3Ta nporpaMMa niHpoKO H3BecTHa 
H3-3a HHTepeca K peuiaeMMM eio 3an;aHaM, no3BOJi5iiomHM nojiy^HTb neH- 
Hbie aaHHbie o noBe^eHHH MaTepHanoB H oöopyzjoBaHMJi B KOCMOce,oco6eH- 
HO B yCJIOBHHX Bpe^HblX H3JiyHeHHH Ha HH3KOM OKOJI03CMHOH H nepeXO^HOH 
K reocTan;HOHapHOH opÖHTax.  B Kaqecrae npHMepoB raKoro po^a MO)KHO 

TaiOKe Ha3BaTb cnymHKM STRV, co3flaHHbie B BejiHKoöpHTamoi. 

Jl. ÄKa^eMHiecKa» no^roTOBKa. 

BblCTpO   paCTymeft   KOCMMMCCKOH   MHHyCTpHH H MHOrHM CBH3aHHbIM C 
Heii cepBHCHbiM H Hay^HbiM opraHM3anH5iM HyxMbi xopomo noaroTOBJieH- 
Hbie yneHbie H KHaceHepbi. 

ripoiiecc noflroTOBKH cneHHajiHCTOB B oojiacra KOCMiraecKOH TexHHKH 
MOXeT 6bITb OpraHH30BaH Ha OCHOBe H3yHeHHfl TeXHOJIOrHH CO3,0aHHH Ma- 
JlblX CnyTHHKOB. 

HecMOTpa Ha CBOH <pH3H*iecKH HeÖojibuiHe pa3Mepbi Majibie cnyrHHKH 
npe^cTaBJiaiOT COöOH annapaTbi, coH3MepHMbie no cTeneHH CJIOJKHOCTH c 
6ojibuiHMH KA. 3TO jiejiaex HX npHroÄHbiMH .mm H3y^eHHa Bcex cra^HM H 

acneKTOB co3ii;aHHH Jiio6bix cnyTHHKOB KaK TaKOBbix - pa3pa6oTKy, npoH3- 
BOflCTBo,  HcnbiTaHHfl,  3anycK, ynpaBJieHHe H sKcnjiyaTannio Ha op6HTe. 
ÜO^rOTOBKe, B T.H. Ha KOMMepHCCKOH OCHOBe,    CneHHajIHCTOB   B   OÖJiaCTH 
KOCMH^eCKOH TeXHHKH lIpHflaeTCH ÖOJIbUlOe 3Ha^eHHe BO MHOrHX   cTpaHax 
MHpa. 

npHBefleHHbie npHMepbi, no/rrBepjimaioT, ^TO Majibie KocMHqecKHe an- 
napaTbi B cocTaBe cHCTeM pa3jiHHHoro nejieBoro Ha3HaneHHH B HacKmmee 
BpeMH nojib3yK>TC5i noBbimeHHbiM BHHMaHHeM rocynapcTBeHHbix KOCMHHC- 

CKHX areHTCTB,  yneHbix H cneHHajiHCTOB, a Taoce ycroMHHBbiM cnpocoM 
Cpe^H HHBeCTOpOB B COBpeMeHHOM aKOHOMH^eCKOH KOHT>K)HKType MHpOBO- 
ro KOCMH^eCKOrO pblHKa. B COOTBeTCTBHH C 3THM, KOCMHHeCKaa npoMbim- 
jieHHOcTb 4>opMHpyeT pbiHOHHoe npefljioiKeHHe B BHue öojibuioro Kojnwec- 
TBa pa3Hoo6pa3Hbix npoeicröB . 

B.BoöbUieB H ÄP- 



ToqHyio BejiiraHHy ptiHo^Höro cnpoca Ha Majibie KA «aTt 3aTpyÄHH- 
TejibHO,  OÄHaKo  oneBHÄHO,  ITO  ripH CTOHMOCTH ycpeflHeHHoro MKA B 

$ 10 MJIH. H noTpe6HocTH He MeHee, neM B 500-:-700 MKA, BejiHTOHa pbi- 
HOHHoro cnpoca B TeneHHe 1997-2015 rr. npeBHCHT $ 5-1-7 MJipfl. 

B.BoÖHJieB H flp. 



Assessment of Small Satellite Economic Significance 
Within the Environment of World Space Market 

V.Bobylev, V. Kuzminov, A.Rembeza, S.Shuvalov 
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This paper presents authors' view on system level advantages and 
commercial merits of space systems employing small satellites. The main 
fields of application of small satellites - communications, Earth remote 
sensing, science and technology demonstration - are also discussed. 

It is noted that there exists a trend towards massive use of small 
satellites as part of low Earth orbit systems for mobile communication and 
broadband data relay. Number of potential users of services offered in the 
course of their operations is estimated. 

Finally, it is made a conclusion that space industry has attractive 
commercial opportunities to perform R&D and manufacture small satellites 
competitive at the world space market. 

V.Bobylev ... 



KojiHraecTBeHHaü Mepa B sa^anax oueHKH acpcpeKTHBHocra 
MeagjyHapoflHoro coTpyflmnecTBa 
B paKeTHO-KOCMHHeCKOH oojiacra 

KopOTKHH JOT. 
rKHIlD; HM. M.B.XpyHKraeBa 

121087,   MocKBa, yji. HoB03aBOACKaa, 18 
4>aKc: 142-59-21 

KOCMOC - oHepeflHaü cTynem> pa3BHTHH UHBHjiHsaHHH, HOBoe HanpaB- 
jieHHe HTI1. npoMbiniJieHHO-pa3BHTbie cTpaHbi o6jiaflaioT MOIUHMMH paxe- 
TO-KocMHMecKHMH TexHOjiorHHMH Bce yrjiyöjiinoiiiHecii rjio6ajibHbie npo- 
GjieMbi, cBH3aHHbie c HeBocnojiHHMbiMH npHpOÄHbiMH pecypcaMH, sHepro- 
o6ecne^eHHeM, sKOJiorneH, onacHocTbio MHpoBbix, Ha noHBe HepaBHOMep- 
Horo pa3BHTiM peraoHOB, coHHajibHbix KOH4>JIHKTOB. KOCMOC OTKpbiBaeT 
HOBbie B03MOJKHOCTH B penieHHH rJIOÖtUIbHWX npoßjieM HejiOBeMecTBa, HO 
OH oqeHb flopor. HeoöxoflHMa pacniHpeHHaa Koonepamra MeagayHapo^Hbix 
ycHJiHH, corjiacoßaHHe H yBSöKa cTpaTeraH H HaHHOHajibHbix iuiaHOB pa3- 
BHTHÄ   KOCMHHeCKHX  OTpaCJieH.   Ha  3TOM   nyTH,   HapJIAy  C   nOJIHTHHeCKHMH 
npHCTpacTHüMH, aKOHOMiraecKHMH HHTepecaMH H npoÖjieMaMH oÖmero 
ruiaHa, HMeioT MecTO cyryöo MexoflojiornHecKHe 3aTpyn,HeHH5i. OHH cBH3aHbi 
co cjioxcHocTbio BbipaÖOTKH oöbeKTHBHbix KOJiHHecTBeHHbix nepcneKTHBHbix 
oueHOK npHHHMaeMbix penieHHH. ITpHHHHbi - MHoronapaMeTpEFmocTb, 
MHoroKpHTepnajibHocTb, HejiHHeHHocTb, HeonpeaejieHHOCTH pa3jiEraHOH 
npHpoabi H T.n. CymecTByiomHe nonxozibi, ocHOBaHHbie Ha cKajrapH3an;HH 
HJIH ynpomeHHH 3ajjßH, B oTBeTCTBeHHbix cjiyiaflx Bpa« JIH npHeMJieMW. 
HeoÖXOflHMO    nepeÖTH   OX   paCCMOTpeHHfl   TpHBHaJIbHblX,    B   MeTOZJHHeCKOM 
iuiaHe, TeKymnx 3a^an (/rana: H3BecTHbi 3aaaHa H KOHKypHpyionjHe HocHTe- 
JIH CO CBOHMH yZjejIbHMMH CTOHMOCTJIMH BbiBefleHH«: Tpe6yeTca nofloöpaTb 
COOTBeTCTByiOmHH HOCHTejIb) K nepcneKTHBHbiM ou,eHKaM corjiacoBaHHOH 
o6be^HHeHHOH   CTpaTerHH   pa3BHTHfl   MHpOBOH   paKeTHO-KOCMHHeCKOH   HH- 
XiycTpHH H Bbipa6oTKe nejiecoo6pa3Hbix coBMecTHbix nozpcoziOB K pemeHHio 
rjioöajibHbix npoöjieM. JJJDI npoaBHxeHHa B 3TOM HanpaBJieHHH Heo6xoflH- 
Mo pa3BHBaTb cooTBeTCTByromHH MeTOflojioriraecKHH annapaT H 3aioiaflbi- 
BaTb afleKBarHyio peajiHflM MaTeMaTHraecKyio ocHOBy. 

HHTepec B 3TOM CMbicjie npeACTaBJiiiiOT sjieKTHBHbie (H36HpaTejibHbie) 
3aflaHH. PaccMaTpHBaexca oana H3 pa3HOBH^HOCTeii TaKHX sa^an - 3ana*m 
ajibTepHaTHBHoro pacnpeßejierora pa3HOTHnHbix cpeacTB. AHajiH3HpyioTca 
ee ocoöeHHOCTH. npenJioiKeH 3anporpaMMHpoBaHHbrii ajiropHTM pemeHHH 3ana- 
•ra. npHBOflaTCfl npHMepbi KOHKpeTHOH peajiH3aHHH ajiropHTMa. BbixoflHbie 
flaHHbie peuieHHH 3aa;aHH npeflCTaairaioT MHoroiuiaHOByio KOjiHqecTBeHHyio 
HHtpopMauHK). HanpHMep, npHMeHHTejibHO K PKT, no3BOjunoT onpeflejiHTb 
cocTaB yqacTHHKOB BbinojiHeHHa nepcneKTHBHOH KocMKraecKOH nporpaM- 
Mbi, oöecneHHBaromHH MHHHMH3au;Hio 3aTpaT Ha ee HcnojiHeHHe, pacnpe- 
ÄejieHHe oÖsoaHHocTeH Meamy KOHKypeHxaMH, ycroHHHBOcTb HX nojioaceHHa 

K). KopOTKHH 



B cpe^e ajibTepHaTHB H T.n., BiuioTb #0 BbipaöoTKH KOHKpeTHbix peKOMeH- 
flailHH       no       KOHCTpyKTHBHOMy       OÖJIHKy       HJIH       BblXOflHbIM       TeXHHKO- 
SKOHOMHHecKHM  noKasarejiiiM  onpeaejieHHoii  anbTepHaTHBbi.   noßoÖHbrä 
(pOpMajIbHblH,   CBOOOflHblH   OT   Cy6l>eKTHBH3Ma  nO^XOfl   MOXC6T   nOMOHb   npH 
cpopMHpoBaHHH cocTaBOB KOHKpeTHbix Hcnojirarrejieii nepcneKTHBHbix npo- 
rpaMM H aocTiofceHHH corjiacHa npH o6pa30BaHHH MeiKayHapozjHbix Koone- 
pauHH. AjiropHTM MoxceT (5biTb npHMeHeH B JIK>6OH oTpacjin, me B03HHKaioT 
3aflaHH MHHHMH3amm 3aipaT Ha BbinojiHeHHe nporpaMM nocpe^cTBOM 
onpeaejieHEW onTHManbHOH HOMeHKJiaTypw H3 HMeiomHXCii ajibrepHaTHB. 

lO.KopOTKHH 



Majibie KocMHHecKHe annapaTbi KaK ocHOBa co3flaHHa 
MHOrOCnyTHHKOBbK MHOrO(pyHKH[HOHajIbHbIX KOCMEraeCKHX CHCTeM 

r.r. PafiKyHOB, A.H. PeM6e3a, Jl.M. PoMaHOBCKHH, A.A. KyöaHOB 
Mopo3eHKo A.0>. UHHHMaiii, 

FoccHHCKoro KOCMiMecKoro areHTCTBa 
141070  r. KopojieB, yji. nnoHepcKaa 4 

OaKc: (095)-187-1511 

3(|)(peKTHBHoe pemeHHe H3 KocMoca pflfla aicryajibHbrx nejieBbix 3a,naH: 
HaBHramiH, CBH3H, ßHCTaHHHOHHoro soH^HpoBaHEW 3eMjiH (3,33), Haöjiio- 
aeHHH KocMPraecKoro npocTpaHCTBa (HKXI) - TpeGyex oSecneneHHM: 

BblCOKOH nepHOflERHOCTH oßsOpa COOTBeTCTByiOmHX 30H npOCTpHHCTBa 
KOCMKraecKHMH cpe^cTBaMH HaöjiiofleHHff c TpeöyeMbiM pa3peineHH6M mra 
ycTaHOBjieHHH npflMbix pa^HOKOHTaKTOB Meagay KOCMHHCCKHMH H HaseM- 
HbiMH cpe^cTBaMH CB«3H - BiuioTb flo HenpepwBHbix; 

BbicoKOH onepaTHBHOCTH flocTaBKH HH<popMaHHH KOHKpeTHbiM noTpe- 
ÖHTejiaM - BiuioTb flo peaaiMa peajibHoro BpeMeHH (PPB); 

Hcnojib30BaHHH no^BiCKHMMH noTpeÖHTejiHMH MajioraöapHTHbix a6o- 
HeHTCKHX TepMHHajioB (AT) c HH3KHM 3HepronoTpe6jieHHeM (MajIOH Mom- 
HocTbio paflHOHSjiyHeHH») H TH6KHM HHTep4>eHcoM, oöecneHHBaiomHM co- 
np5DKeHHe c KOMnbiarepHOH TexHHKofi. 

3THM TpeöoBaHHMM B HaHÖojibmeH CTeneHH yßOBJieTBopiHOT MHO» 

rocnyTHHKOBbie KocMBraecKHe CHCTCMM (MKC) C KA Ha oTHocHTejibHO 
HH3KHX opÖHTax. OieBHÄHo, HTO MHorocnyTHHKOBbie opÖHTajibHbie rpyn- 
nHpoBKH (Or) Moryr 6biTb co3,naHbi (c npneMjieMMMH <pHHaHCOBbiMH H Ma- 
xepHajibHMMH 3aTpaTaMH) TOJibico Ha ocHOBe Hcnojib30BaHHa MajioraöapHT- 
Hbix ("Majibix") KA (MKA), KOTOpbie no cpaBHeHHio c TpaflHHHOHHbiMH 
("ßojibiUHMH", "raacejibiMH") KA HMeioT ypesaHHbie nejießbie (pyrnoiHH, 
ynpomeHHbie 6opTOByio (nejiesyio H oöecneraBaiomyio) H HaseMHyro aima- 
paTypbi. KaK Bcer^a, npoHcxo/mx "pa3MeH" O^HHX xapaKTepHCTHK cHcxeMW 
Ha Äpyrae. 3TH (paKTopw B coBOKynHocra c npoH3Bo,n;cTBOM MKA OTHOCH- 

TejibHO 6ojibiHHMH cepiwMH oÖycjiaBjiHBaioT HX npneMJieMyro cTOHMOcTb. 
BaxHeiinieH npeanocbuiKOH co3flaHHa TaKHX KA flBjraeTCH noaBjieHHe 

pK/i,a cneuHcpHHecKHX sa^aq, peuieHHe KOTOpbix c noMoiubio TOJibKO Tpa^n- 
UHOHHbix KA B nojiHOM o6beMe 0Ka3biBaeTca SKOHOMHHCCKH Hea<pcpeK- 
THBHHM HJIH HeB03MO)KHbIM B  CHJiy TeXHHHeCKHX H  SKOHOMHHeCKHX Orpa- 
mraernffl, 3xo, npeac^e Bcero, sa^aMH, xpeGyiomne BMCOKOH nepno- 
äHHHOCTH HHcpopMaHHOHHoro oÖecneneHira B rjioöajibHOM HJIH peraonajib- 
HOM MacuiTaÖax, B nacxHocxH, 3an;aHH CBH3H H Ha6jnoaeHHa. 

BaaoHbiM (paKTopoM, cnocoÖcTByiomHM co3,n;aHHio MHorocnyxHHKOBbix 
Or Ha ocHOBe npHMeneHiw MKA, flBjraexca B03MoxHocTb HX rpynnoBoro 
sanycKa OHHOH MOHJHOH paKexoH-HocnxejieM (PH) HJIH BbiBo^a HX Ha op- 
6nxy 3THMH PH B KanecxBe nonyTHoro ipy3a npH 3anycKe XÄHcejibix KA, a 
xaiace HHaHBHziyajibHoro 3anycKa c noMombio PH MeHbinea rpy3ono,2rbeM- 
HocTH, co3flaBaeMbix B qacTHOCTH Ha 6a3e CHHMaeMbix c BoopyaceroiH 6oe- 



BblX paKeT, C OTHOCHTCJIbHO IIpOCTHX IiyCKOBMX yCTaHOBOK, B TOM MHCJie 
MOÖHJIbHblX, 6e3 HCnOJIb30BaHHiI KOCMOflpOMOB. 

O^HHMH H3 nepBMX MHOrOCIiyTHHKOBblX Or C HCnOJIb30BaHHeM MKA 
CTajlH      C03^aBaTbC5I     AJIÄ      CnyTHHKOBblX     pa^HOHaBHrailHOHHblX      CHCT6M 
(CPHC). Tax, yace c Hanajia 60-x ro^oB Haqajiocb pasBepTbiBamie CPHC 
"TpaH3HT" B CHIA H THna "UHKafla" B CCCP, 06e CHCTCMM HMejra npn- 
MepHo KOjiHHecTBO KA B OF (nopüflKa 6), a cjie,n;oBaTejibHO, o^HHaKOByio 
nepHOflHraHocTb HaBHrauiHOHHbix onpeflejieHHH - 30...45 MHH. (B saBHCH- 
MOCTH  OT  reOipaCpEraeCKOH  UIHpOTbl).   QllHHaKOBblMH   ÖbIJIH  H  TOHHOCTHbie 
xapaKTepHCTHKH onpeflejieHHa MecTonojioiKeHHa no^BiocHbix oöbeKTOB - 
100...200 M (3CT), MTO no TeM BpeMeHaM yaoBjieTBopajio Me:»giyHapon,HbiM 
xpeÖOBaHHHM K cy^;oBoaga,eHHK). Ha ocHOBe KC "Uinama" 6buia co3#aHa 
HaBurauHOHHO-cBHSHaH KC cnacemia Tepnamnx öejicTBHe cyn,oB H caMOjie- 
TOB "Haflexc^a", paöoTaiomaa B Me:>KnyHapo7JHOH CHCTeMe "KOCMOC- 

CapcaT" 
Bojiee BbicoKHM ypoBHeM pasBHraa MHorocnyTHHKOBbix CPHC cTauo 

co3jj;aHHe B 70-x...90-x rr. H pa3BepTbiBaHHe B 90-X roaax CHCTCM 

"FjioHacc" (PoccHa) H "HaBcrap" (GPS) - CIIIA, KaiKziaa H3 KOTopwx 
BKjiioHaeT flo 24 MKA Ha KpyroBbix opönrax BMCOTOH ~ 20.000 KM B Ha- 
CToamee BpeMa flencTByeT oöbe^HHeHHaa cncTeMa 'TjioHacc-GPS". 3Ta 
cncTeMa cpopMHpyeT HenpepwBHoe pannoHaBHranHOHHoe nojie c MHOFO- 

KpaTHbiM nepeKpWTHeM, oöecne^HBaiomee B JIIOöOH TOMKC 3eMHofi noBepx- 
HOCTH,   B03flyiUHOrO  H  KOCMHMeCKOTO   (flO  BblCOTW  2000   KM)   IIpOCTpaHCTBa 
onpe^ejieHHe Koop^HHaT noflBKiKHbix oöbeKTOB c TOMHOCTMO (3a) ,n,o 30...60 
M. Co3,n;aHa a HcnojibiyeTca MajioMaccora6apHTHaa HaBHrannoHHaa anna- 
paxypa noTpeÖHTejieft (HATI) - Maccoft OT HecKojibKHX KHJiorpaMM flo 
HecKOJibKHX COT rpaMM, o6ecneHHBaiomaa onepaTHBHocTb HaBHraiiHOHHbix 
onpeaejieHHH I...5 MHH (B 3aBHCHMOcra OT HHCjia npneMHbix KaHajioB). 

B HacToamee BpeMa npoaBJiaeTca noBbmiemibiH HHTepec K co3ziaHHK) 
MHOrOCnyTHHKOBblX      HH3KOOp6HTajIbHbIX      CHCTeM      CnyTHHKOBOH      CB83H 
(HOCCC). 

OcHOBHbie HOCCC, pa3pa6aTbiBaeMbie (pHpMaMH CIIIA, Eßponbi, 
POCCHH, npezicTaBjieHM B TaöjiHue c yKa3aHHeM Maccbi KA, KOJitnecTBa 
4)yHKU,HOHHpyioinHX B op6HTajibHbix rpynnHpoBKax (OP) HC3, napaMeTpoB 
HX opÖHT, a TaioKe HasHaqeHHa H OCHOBHMX ocoöeHHOcreii. AHajiH3 Mare- 
pHajioB Ta6jiHnbi H zionojiHHTejibHbix HCTOMHHKOB no3BOjiaeT c^ejiaTb cjie- 
jjyiomHe BbiBOflw: 

Or HOCCC pa3BopaHHBaioTca npeHMymecTBeHHO Ha BbicoTax nopafl- 
Ka 700 H 1500 KM c KOjnraecTBOM HC3 B Or #o 70 H 48 cooTBeTCTBeHHo H 

Maccoft HC3 B HecKojibKO COT KHJiorpaMM; cymecTByeT Teimemma co3,n,a~ 
HHa Or HOCCC Ha BbicoTax ~ 10.000 KM, HTO no3BOjiaeT yMCHbniHTb KO- 

JIHHCCTBO MC3 B HHX flo 12, HO Be^eT K pocTy Maccw KA flo 1000...2000 KT 

(cHCTeMbi Odissey, Inmarsat-P, QZJHH H3 BapnaHTOB CHCTCMH "PocTejiecaT"); 
OCHOBHMM HasHaneHHeM HOCCC aBjiaeTca o6ecne*ieHHe nepcoHajib- 

HOH CBa3H C  Mo6HJIbHbIMH OÖbeKTaMH npH XapaKTepHCTHKaX aÖOHeHTCKHX 
TepMHHajioB (AT), 6JIH3KHX K xapaKTepHCTHKaM pa^HOTejiecpoHOB COTOBOH 

CBa3H H cnocoÖHbix K conpaaceHHio c cncreMaMH COTOBOH cBa3H; 



aHTCHHH  CpeflCTB  CBH3H HC3   ÖOJIblUHHCTBa  HOCCC  HM6IOT y3KOHa- 
npaßjieHHbie ynpaBjiaeMbie zmarpaMMM HanpaBJieHHOcTH H AJIH TOHHOIO 

HüBcjxemm jryqeii Ha AT HeoÖxoflHMO, HTOöM Ha 6opx MKA nocTynajia 
HHcpopMamra o MecTonojioaceHHH oöbeKxa, c KoxopbiM ycxaHaBjiHBaexca 
cBÄ3b, mo Moxex 6biTb oöecneqeHO JIHöO caMOH HOCCC 3a cnex o6pa6oT- 
KH B Ha3eMHOM ueHxpe ("nuiKoe") paÄHocHraajioB, nepexBaxbiBaeMbix 06b- 
eKTOM H peTpaHcjiHpoBaHHbix HecKOjibKHMH MKA, JIH6O nyTeM conpirace- 
HHH AT HOCCC c HAH CHCTeMbi "TjioHacc-GPS". 

y^HTbiBa«, HTO saflana onpeflejiemra MecxonojioateHH» B HOCCC »B- 

jiaexca    BcnoMoraTejibHOH    -    peniaeTca    B    HHTepecax    o6ecneMeHna 
yCTOHHHBOH paflHOCBH3H, ÖOJIblHHHCXBO HOCCC MCOKHO CHHXaXb OflHO- 
(pyHKUHOHajIbHWMH. 

B TO Xe BpeiVM 3a.flaHH flHCTaHUHOHHOrO 30HflHpOBaHH3  3eMJIH  C  HC- 
nojifa30BaHHeM TOjibKO oflHHoqHbrx 6ojibinHX HC3 THna "Pecypc-<P", 
"Pecypc-O" peniaioTCü Heflocxaxorao 3(p(peKXHBHO. KA "Pecypc-O" HMeeT 
BbicoKyio paspeuiaiomyio cnocoÖHocxb na MCCTHOCTH, HO HH3KHe sHmcuvm 
nepHOflHHHOCTH HaÖjIIOAeHHM H OnepaTHBHOCTH flOCTaBKH HHCpOpMaHHH. KA 
"Pecypc-O" npH BWCOKOH onepaTHBHOCTH flocxaBKH HH<popMaHHH xaiojce 
HMeiOX HH3KyiO nepHOflHHHOCTb HaÖjIIOÄeHHH. 

3HaHHxejibHaa ^acxb ^aHHbix cHcxeM fl33 ocxaexca HeBOCxpeöoBaHHOH 
BCjieflcxBHe HecooxBexcxBHa nejieBWM HHxepecaM noxpeÖHxejieft (He xe paH- 
oHH H BpeM« cbeMKH, HH3Kaü nepHomrqHocxb HaojiiofleHHfl H onepaxHB- 
Hocxb flocxaBKH flaHHbix H ßp.). 3xox HeflocxaxoK B 3Ha*fflTejibHOH cxeneHH 
Moxcex 6wxb cKOMneHCHpoßaH Hcnojib30BaHHeM MKA, ocHameHHbix 
cpe/icTBaMM HaöjiiOÄeHH« B BEWHMOM, HK H CB*J ^wanasoHax. Ha OCHOBB 
MKA Moryx 6wxb co3flaHbi MHorociryxHHKOBbie KC $33, oöecne^HsaiomHe 
HeoöxoÄHMyio nepHoflHHHocxb Ha6jnofleHHH sa^aHHbix pafioHOB npn aocxa- 
xoHHOH pa3pemaiomeH enocoÖHoexH Ha MecxHocxH H BbicoKyio onepaxHB- 
HocTb flocxaBKH HHcpopMauHH - 6jiH3Kyio K peaoiMy peajibHoro BpeMeHH 
(PPB). OflHaKo 6ojiee Hejiecoo6pa3HbiM MBjraexca ocHamemie MKA 
HOCCC onxHKoajieKXpoHHOH annapaxypoft (03A) Ha6jnofleHHH 3eMHOH 
noBepxHoexH B BHAHMOM H HK flHana30Hax. HpH HcnojibsoBaHHH coBpe- 
MeHHbix xexHOJioraH Macca Mojryjw 03A B STHX «HanasoHax Moxex 6wxb 
cpaBHHTejibHo He6ojibiHOH - oT 7 ÄO 60...70 KT. Ha MKA HOCCC Bcer^a 
Moxex 6bixb npeaycMoxpeH HeoSxoAHMbrä pesepB Maccbi. fljra pa3Mem;eHHa 
03A 6ojiee nparoflHa HOCCC, MKA B Koxopbix 4>yHKUHOHHpyiox Ha BH- 

coxax nopHÄKa 700 KM. Ha nacxH MKA, HanpHMep, Ha nojioBHHe, Hapjiay c 
ßopxoBMM paAHOpexpaHCjiaHHOHHWM KOMnjieKcoM (BPPK) Moxex ycxaHa- 
BJiHBaxbCH 6JIOK onxHKoajieKxpoHHbix KaMep (E03K). AJIH pa3jiHraHbix 3a- 
nm ,2,33 Moryx Hcnojib30Baxbca pa3Hbie MOÄH(pHKaHHH B03K, ox- 
jiHHaioiitHeca flpyr ox zrpyra BejiHHHHaMH npocxpaHcxBeHHoro H cneKxpajib- 

Horo pa3penieHHH. 
OyHKHHH A33 ABnaexcH OAHOH H3 Ba>KHbix B xaKOH MHorocnyxHHKO- 

BOH MHoro4>yHKHHOHajibHOH KOCMHHecKOH cHcxeMe (MMOKC). CoBOKyn- 
Hocxb 4>H3HHecKHX BejiiWHH, Koxopbie Moryx 6wxb nojiyneHbi c noMombio 
cpe^cxB A33 (coBMecxHO c flaHHWMH KC rHflpoMexeopojiorixqecKoro H 

reoc})H3HqecKoro   oöecneneHHa)   o6pa3yex   oöniHpHyio   HH(J)opMaHHOHHyio 



öaay, KOTopaa no3BojiHT ynoBJieTBopHTb sanpocbi 6ojii>inoro KOjnwecTBa 
paajiJWHbix noTpeÖHTejieil. B pesyjibTare TeMaTHHecKoii o6pa6oTKH flaHHbix 
o^Horo H xoro xe naöopa (pHSHMecKHX BejnwHH, nojiy^eHHbix B xoae cnyr» 
HHKOBblX   HaÖjIIO^eHHK,    MOiKHO   nOJiyHHTb   TpeÖyeMyiO   HH<pOpManHIO   /um 
peuieHHH pa3jiHHHbix 3aflan: aKOJioranecKoro MOHHTOpHHra, KOHTPOJIH 

HpesBtnaOHbix cnryannn (CTHXHUHBIX OCACTBHO H amponoreHHbix KaTa- 
cTpocp), HcaneflOBaHH» npHpoflHtix pecypcoB, oÖecneneHiw pannoHajibHoro 
npHpoflOHcnojib30BaHHa, KjiHMaTOJioraH, OKeaHOjiorHH H ,np. MKA, npea,- 
Ha3HaMeHHbie #ji3 HcnojibsoBaHira B MMOKC,   no cpaBHeHHio c Tpa^nnH- 
OHHblMH ("OOJIbfflHMH")  KA ÜBJIÄIOTCM IIO yCTpOHCTBy ÖOJiee npOCTMMH 3a 
cneT ynpomeHHH nx (pyHKUHH n croDKeraw ypoBHH TTX annapaTypbi. 3TH 

(paKTOpbl B COBOKynHOCTH C BOSMOJKHOCTblO npOHSBOßCTBa MKA OTHOCH- 
TejIbHO KpyilHblMH CepHHMH o6yCJiaBJIHBaK>T HX CpaBHHTejIbHO HH3KyiO 
CTOHMOCTb. 

npneMHHKH ajieKTpoMarHHTHoro H3jiyHeHHii BHflHMoro, HK H Y<P 
AHana30HOB üBJIHIOTCH B HacToamee BpeMH Hanöojiee HHcpopMaTHBHMMH 
flaTHHKaMH flJia ZJ33,   KOHTpOJM OÖbeKTOB pa3JIIWHOH npHpOflbl,  (popMbi H 
pa3MepoB. npH3HaKOBoe npocTpaHCTBo, noTeHnnajibHo ^ocxynHoe ,zym pe- 
THCTpailHH    C    nOMOUJblO    npHeMHHKOB    H3JiyHeHHfl,    CnOCOÖHO    OTo6pa3HTb 
npaKTEraecKH Bee BaacHenniHe CBoncxBa KOHTpojiHpyeMbix o6beKTOB. 
OcBoeHHe yKa3aHHoro HpH3HaKOBoro npocTpaHCTBa BO3MO)KHO Ha oceoBe 
COBepniCHCTBOBaHHK  H3BeCTHbIX BHflOB flaTHHKOB,   IIOHCKa npHHIJHnHaJIbHO 
HOBbix TexHHHecKHX peineHHH, co3flaHHü BcnoMoraTejibHbix ycrponcTB: sa- 
nnen, o6pa6oTKH, nepeflann HHc^opMannn. yKa3aHHbin nyrb »BjraeTc« acp- 
cpeKTHBHHM HanpaBJienneM pacmnpeHHH cneKTpa 3anaH A33, pemaeMbix c 
noMombio KA, 

Ha apyron nacTH MKA B MMOKC Moryr ÖMTB ycTanoBjieHbi B03K 
co cnennajibHo nozj,o6paHHbiMH xapaicrepHCTHKaMH onTHKoajieKTpoHHWx 
KaMep, opneHTHpoBaHHMMH B cropoHy KOCMH^iecKoro npocTpaHCTBa n 
o6ecneqnBaioinHMH pemenne 3aaaHH HKn. 

BaxHeHinHMH   npoöjieMHbiMH   HanpaBJieHnaMH   coBepmeHCTBOBaHna 
6opTOBbIX H3MepHTejIbHbIX ßaTHHKOB KA JJß3 H HKII ÜBJÜIIOTCii: 

co3flaHne HOBbix npneMHHKOB H3jiyqeHHS[ MaTpHHHoro Tnna c ypoBHeM 
qyBCTBHTejibHocTH, npnöjiHacaiomHMCH K HX cpH3HHecKOMy npeziejiy H MH- 

HHMajibHbiMH pa3MepaMH nnKcejia B BH^HMOM, HK n YO flnana30Hax; 
pa3pa60TKa     HOBBIX     BMCOKOCKOpOCTHblX     MeTO^OB     H     TeXHHHeCKHX 

cpeflCTB. nojiyneHHu n o6pa6oTKH cneKTp030HajibHbix H3o6paaceHHH, a xaK- 
>Ke KOMnneKCHbix CHHMKOB B pasjiHHHbix ,n;Hana30Hax cneKTpa c Hcnojibso- 
BaHHeM naCCHBHWX H aKTHBHblX (jlOKanHOHHblx) CpeflCTB; 

ocHameHHe annapaTypbi ynpaBjraeMbiM cBeTocpnjibrpaMH; 
pa3pa6oTKa CHCTCMM ynpaBJieHiw ^BiOKeHHeM KA c Hcnojib30BaHHeM 

cpe,n,cTB acTpoopHeHTannn, a TaKHce npenH3HOHHbix CHCTCM opHeHTannn H 

cTa6HjiH3anHH, fljra yjiyqineHHa TOHHOCTH npHB«3KH HHcpopManHH. 
TaKHM  o6pasoM,  MHorocnyTHHKOBbie  Or  c  Hcnojib30BaHHeM  MKA 

flOJDKHbl       C03^aBaTbCH       KaK       MHOro4>yHKHHOHajIbHbie,       WTO       n03BOJIHT 
o6ecneqHTb HX npeHMymecTBo no KpnrepHio "cTOHMOCTb - 3<p(peKTHB- 
HocTb" (npn npaBHJibHo Bbi6paHHOM noKa3aTejie acpepeKTHBHoeTH). 
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Small Space Vehicles as a Base for Creation 
of Multisatellite and Multipurpose Space Systems 

AMorozenko   Raykunov G.G., Rembeza A.I., Kubanov A.A. 

Romanovskii L.M. 

TsNIIMash RSA 
Pionerskaya, 4, Korolyov City Moscow Region, 

141070, Russia 
Fax:(095)-187-1511 

Efficient decision from space of such key tasks as communications, 
navigation, Earth remote sensing and space monitoring require high 
surveillance periodicity, prompt data delivery and small ground terminals 
application. Majority of the above requirements are close to the 
requirements to the facilities, currently used for various tasks and may be met 
with the help of multisattellite low orbit space systems, comprising small- 
sized satellites bearing on board different multipurpose equipment and 
functionally matched ground receiving terminals. 

Short terms, required for low orbit small SV clusters creation and 
recovery is ensured on account of the clusters joint launch and use of cost- 
effective serial launchers, including the attack rockets, withdrawn from the 
armament. 



HHcxoflamaa Hepapxna MOffyjieH - ocHOBa 
coBepraieHCTBOBaHHü oyaymeft TexHOJiomH 

C03flaHHfl[ KOCMHHeCKHX CHCTeM 

JI.K.IlaTpHKeeB, T.M.CyxoB 
KB"CajiioT" TKHim HM.M.B.XpymraeBa 
121309, MocKBa, HoB03aBOflCKaa yji., 18 

Ten 142-59-21, (paKc: 956-24-41 

B flOKJia^e H3BecTHbiH MOffyjn.Hi.iH npHHHmi cHCTeMHo pacnpocTpa- 
HaeTca Ha Bee ypoBHH H o6i»eKTbi no rjiyÖHHe npoeKTHpoBaHna mneimm 
PKT. PaccMOTpeH npHMep MHoroypoBHeBon cTpyiaypbi MOflyjien KA. 

MOflyjIfaHOCTb HSffejIHH - CTapeHIUHH H3 npHHHHnOB HIDKeHepHH. 
npHMep - pe3b6oBOH Kpeneac. 

B Hamen npaKTHKe - TOJIMCO npoeKTbi KOHCTpyKTHBHbix MOflynen. 
npHMep - yKn 

OflHEKO B03M03CHOCTH MeTOfla 3HaHHTejIbHO IHHpe. 
Uejib: CoKpameHHe cpoKOB H CTOHMOCTH co3ÄaHH« o6pa3HOB PKT. 

3TO - rapaHTHH ycnexa Ha MHPOBOM KOCMiwecKOM pbiHKe. 
IIpeÄnocbijiKH (aKTyajibHocTb TeMbi): 
-pOCT CJIOJKHOCTH H3fleJIHH PKT 
- noBbimeHHe TpeöoBaHHÖ K HX xapaKTepHCTHKaM 
- ecTecTBeHHaa KOHKypeHHH» B ycjioBHHX pbiHKa 
- Heo6xO#HMOCTb COKpameHHa HHKJia C03,ZI,aHHH 
- Heo6xOffHMOCTb 6bICTpOrO BHeflpeHHH HOBaHHH 
- MaKCHMajIH3aH,HH OTfla^H O KaamOH eflHHHHbl 3aTpaT. 
TjiaBHaH cyrb MeTo^a: npHMerarrejibHo K HHKJiy npoeKTHpoBaHH» 

6opTOBbix BbiqHcjiHTejibHbix cpeffCTB nepcneKTHBHbix KA npeffjioaceHa 
HepapXHü H3 /lecHTH ypoBHeii MOAyjibHbix cTpyKTyp, cooTBeTCTByiomaa 
ocHOBHMM o6i»eKTaM HHcxoffJimero npoeKTHpoBaHHH Ha 6a3e KJiaccncpnKa- 
HHOHHOH TeXHOJIOrHH. 

BHpTyajibHaa:   MOflejib   MonyjibHon   6a3bi   -   ÜHpaMH^a   (paKTopoB 
ycnexa. 

OcHOBHbie npHHnnnbi (noBH3Ha H oTjinnne or ceronHsunHeH npaK- 
THKH): 

oxBaT Bcex ypoBHen CJIOJKHOCTH OT KC #0 ajieMeHTHoft 6a3M 
pa3Hoo6pa3He Tnnaaceft paccMaTpHBaeMbix Monyjieft 
oxBax Bcero npoeKTHoro miioia 
nocTpoeHHe 6a30Bbix HopMopHflOB MQayjieii KaiKÄoro Tuna 
HHTerpauna Bcex cpyHKunn KSöKROTO M3flejiHH 
coKpameHHe Tnnopa3MepoB yerpoHCTB H3,o,ejiHa 
HeoGxoflHMOcTb peopraHH3auHH cymecTByiomeH Koonepannn 
Pe3K)Me: 
- coKpaTHT IJHKJI co3,n,aHHa HSÄejinft; 
- CHH3HT ceÖeCTOHMOCTb H3#ejIHM; 
- noBHCHT opt npoeKTHbix peuieHHÖ; 
- ÄonojiHHTejibHaa cneuHajiH3aii;Ha <J>MpM OTpacjin no BbinycKy MOÄyjien 
onpeflejieHHoro Tnna jpia Bcex. 

JI.IlaTpHKeeB 



MexayHapoflHaa HHTejuieKTyajibHaii cpefla 
HHTepaKTHBHoro oömeHHS H  MecTo B Hen 

HHTejuieKTyajibHbix MKA 

The Perspective of Intellektual Small Satellites Using in 
the Space Informational Systems 

B.A. HBaHOB,Kjiy6 "HHTEJIJIEKT" r. KopojieBa 

Ha iuiaHHpyeMOH K co3WBy B 2000 ro^ry "AccaMÖjiee TbicsraejieTHa" 
npeanojiaraeTCH B paMKax MeacflyHapo^Hbix npoöjieM oöcynpHTb Bonpoc o 
C03flaHHH e^HHOrO HH<pOpMaUHOHHOrO npOCTpaHCTBa 3eMJIH. 

OHO floiDKHO c noMonrjbio rjioSajibHoii TejieKOMMyHHKauHOHHyio CH- 

CTeMy CBÄ3H co3^aTb Hexyio ocoöyio HHcbccbepy «JIH oömemui c Heil B HH- 

TepaKTHBHOM pejKHMe Bcex XHTejieö 3eMjra, KaK C KopnoparaBHbiM MHTe- 
rpajibHbiM aSoHeHTOM, npeacTaBjraiomHM "o6mecTBeHHbie 3HaHna". 

3TO noTpeßyeT co3flaHHa He TOjibKo KanecTBeHHoro HOBoro CHCTCMO- 

TeXHHHeCKOrO ypOBHH HHtpOpMaHHOHHOH CHCTeMbI,  HO TJiaBHOe,  (pOpMHpO- 
Barora npHHii;HnHajibHO HOBOH chroiococpHH MexcayHapoflHoro oömemifl, a 
Taiotce penieHHH npoöjieMW npeoaojieHira H3biKOBoro öapbepa. IIpH pa3pa- 
6oTKe Me»rocyflapcTBeHHbix npoeicroB pa3BepTWBaHHa H aKciuryaTauHH 
nepcneKTHBHbix, H B nepByio oMepe^b, KocMH^iecKHX cpe^cTB CBA3H, Heo6- 
XOUHMO yace ceftnac npezrycMaTpHBarb TaKyio nepcneKTHBy pa3BHTH«. 

IlpoöjieMa 3Ta, Ha .zjejie, He CTOJIMCO TexHHraecKaa, CKOjibKO Haymo- 
cjjMJiococpcKaii H nojiHTEFiecKafl. QzmaKO fljia ee HanajibHoro paccMOTpeHHH 
Heo6xoflHMa BcecTopOHrow npe^BapHTejibHaü npopa6oTKa B03M05KHOCTeH 
yBii3KH caMHX TexHiPiecKHx CHCTeM. KaK npaBHjio, OHH co3^aiOTC5i nofl y3- 
Ko-nepcoHajibHbie TpeöoBaHiw KOHKpeTHbix opraHH3an;HH-3aKa3qHKOB 6e3 
yqeTa BO3MOJKHOCTH BKUKMeraifl B rjioöajibHyio ceTb (OöJIHK TaKOH cera #o 
CHX nop He onpeflejieH), a HX HHTepcbetic npaKTiraecKH Ha npe/rycMaxpHBaeT 
HHTepaKTHBHbie peacHMbi paöoTbi nepcoHajibHoro nojib30BaTejra c caMOH 
cHCTeMOH, a nozmepacHBaeT JiHiiib HeKOTopwe HHTejuieKryajibHbie (pyrnoiMH 
cepBHca, &a H TO, KaK orpaHHraeHHbie BO3MOXHOCTH cepBepHoii ^acTH. 

J3,JIH penieHHa rjiaBHOH reonojiHTHnecKOH npoöjieMbi XXI BeKa — 
rjio6ajibHoro MOHHTopHHra 3eMjra — HeoSxoflHMO o6ecneMHTb peacHM 
nojiHoii H  Bceo6meii  npo3paHHOCTH  HaojnofleHiw  3a pesyjibTaraMH  HO- 

Oc4>epHOH    fleHTejIbHOCTH,     B03MOiKHOCTb    o6meCTBeHHOrO    KOHTpOJIH    Hafl 
ynpaBjieHHeM HooccbepHbiMH TexHOjiorHHMH H HH(popMauHOHHbiMH pecyp- 
caMH. 3TO yxe cennac TpeöyeT cos^aHHa Ha MHPOBOM ypoBHe HfleojrorHH H 

oöjiHKa KOHHenTyajibHoro npoeKTa HHTejijieKTyajibHoro HHTepcbefica nep- 
cneKTHBHOH HH<popMan;HOHHOH CHCTeMbI Ill-ro TbiCÄHejieTiM. Be3 pemeHH« 
npoÖjieMbi napHTeTHoro ynacTHH Bcex rocyflapcTB B HH(popMaHHOHHbiX 
npoueccax, peajiH30BaTb Hfleio OOH 06 ycTOHHHBOM H cöajiaHCHpoBaHHoe 
pa3BHTHH B XXI Bexe MHpoBoro coo6mecTBa B npHHiqane He pearibHo. Ynm- 



TbiBaa rjio6ajii.HMH xapaKTep npo6jieM Ha AccaMÖJiee OOH 2000 roaa, He- 
06XOÄHM0 onpeaejiHTb npHHumibi H cxeMy opraffioaHHH MexayHapoflHOH 
ÄorrejibHocra no co3,naHHio coraacoBaHHoro npoeKTa rjioöajibHOH HHTCJI- 

jieKiyajibHOH cpeflbi Ha ocHOBe aeücTByiomHX H pa3pa6aTbiBaeMbix HHcpop- 
MaUHOHHblX  CHCTeM.  AejIO  B TOM,  *ITO  IIIHpOKafl  HOMeHKJiaTypa TaKHX  CH- 
cTeM c pasjiiwHbiMH npHHHHnaMH noerpoeHHfl H ynpaBJiemra noroKaMH 
coo6meHHH MoaceT cTaTb cepbe3HbiM nperoiTCTBHeM Ha nyTH co3«aHna em- 
Horo HH^opMauHOHHoro npocTpaHCTBa H npHBecTH K ne^ajibHo HSBecmo- 
My "BaBHJIOHCKOMy CTOJinOTBOpeHHIo". 

Bbixo/t oaHH - HyxHO paspaöaTbiBaTb KOHKenmno MeTacncTeMbi, KaK 
cepBHCHOH HaflCTpOHKH H3Ä BCeMH TeJieKOMMyHHKaUHOHHMMH CHCTeMaMH. 

fljra o6ecneMeHH5i aociyna K TaKOH cncTeMe H onepaTHBHOÖ cHCTeM- 
HOH yBH3KH  (peKOHcpHiypauHii)  ee CTpyKiypbi oHa flojDKHa HMerb co6- 
CTBeHHyiO HaACHCTeMH>TO TejieKOMMyHHKaUHOHHyK) CeTb C OCOÖblMH 

CBOHCTBaMH. 
B ee 3afla*iH He 6y#eT Bxo^HTb peiKHM nepeflann SojibiiiHX TpaH- 

cnoprabix noTOKOB coo6meHHH H oöecneqeHHH uiHpoKoro cneKTpa npoTO- 
KOjioB CBH3H, a rjiaBHWMH Tpe6oBaHHüMH CTaHyr: 
• 6bicTpoTa nepeaa^H HHcpopMainin (He coo6meHHH a nororraHHOH  cyra); 
• rjioöajibHocTb aocTaBifCH HHcpopMauHH H flocTOBepHocTb nojryqeHHa; 
• raÖKOcTb ynpaBJieHna cTpyKTypoii H onepaTHBHaa aaairoiBHocTb; 
ßjw co3flaHHe TaKoii CHCTeMbi, oöecneHHBaiomeH yKa3aHHbrä cepBHc B 

cpopMe HHTepcpenca "HHTEJIJIEKTyAJIbHblH ACCHCTEHT" - HaHÖo- 
jiee paHHOHajibHO HcnojibsoBaTb cHCTeMy HHTejuieKTyajibHbix MKA. 
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HHCpopiwauHOHHoro   oöecneneHMH pemeiwH sa/jan conHaJibHO-aKOHOMHHecKOH 

apepbi H MOK^yHapo^Horo coTpyaHMHeerBa 

IO.KMCHKO, E.JIyKameBHH, BTopenoB 

TocueHTp "IlpHpOAa" 

105264 r. MpcKBa, yn. BepxHaa riepBOMaficKaa, 46 
OaKc: 164-49-07 

PecfrepaT 

IlOTpeÖHOCTH  B  KOCMH^ieCKOH  HH(})OpManHH  (KH)  6bICTpO     B03paCTaK)T, 
nocTeneHHO npHÖjnmaacb K ypoBHio, KOTOpbrä MoaceT 6biTb onpe^ejieH Tax: 
"HH<j)OpManHH HHKorfla ne 6biBaer CJIHUIKOM MHoro H OHa ^oji)KHa 6biTb coöpaHa 
KaK MOJKHO paHbiue". 

npaKTHKa noKa3a.ua 6ojibiiiHe noTeHUHajibHbie BO3MO)KHOCTH npHMeHeHHa 
AHCTaHUHOHHoro 30HflHpoBaHHa 3eMJiK (0,33) npH pemeHHH mnpoKoro Kpyra 3a#aH 
npaKTHiecKH BO BCCX HanpaBJiemiax SKOHOMHKH H counajibHOH c(j>epbi. OflHaKO, 
peajibHaa o6jiacTb Hcnojib30BaHHa KOCMMHCCKOH HH(j)opMauHH coeraBJiaeT Ha 
ceroflH» JiHuib Majiyio qacTb noTennHajibHofi. DiaBHoS npHHHHOH aroro aBJiaeTca 
TO, HTO cymecrayiomHe H pa3pa6axbiBaeMbie KOCMH*iecKHe CHCTeMbi ßß3 BecbMa 
^ajieKH OT H^eajTbHOH, yAOBJieTBoparomeH BceM TpeSoBaHHHM nojib30BaTeJieH, 
CHCTeMbi. B 3TOM CMbicjie noaBJieHHe Majibix KA, ocHameHHbix annapaTypoft ,2(33 
BbicoKoro npocipaHCTBenHoro pa3pemeHHa H oöbeAHHeHHbix B CHCTewiy, 
OTKpbiBaeT B03Mo:»CHOCTb nepefiTH OT "MeHbinen" K "oojibuien" H #a>Ke "oneHb 
oojibuiofi" CTeneHH npnGjiHaceHHa CHCTeMbi ,0,33 K HfleajibHofi. 

CwcTeMa  MKA c annapaTypoö ,0,33    B  HacToaujee   BpeMa npe^CTaBJiaeTca 
npaKTHHeCKH e^HHCTBeHHOH     OTeiieCTBeHHOH   paSpaÖOTKOH,    CnOCo6HOÖ COCTaBHTb 
peajibHyio KOHKypennHio Ha MHpOBOM pbiHKe HHCJmpMauHOHHOH npo^yKHHH H ycjiyr 
B o6jiacTH ,0,33. OHa CbirpaeT BaaoHyio pojib B oöecneieHHH HH^opMauHOHHoii 
oöecneneHHocTH CTpaHbi. 

YMeHbiueHHe ceöecroHMOCTH nojiynaeMOH KOCMHHecKofi HHc|)opManHH co3^;aeT 
npe^nocbuiKH #Jia npHBJieqeHna HCTOTOHKOB HerocyflapCTBeHHoro (JwHaHCHpoBaHHH 
npoeKTa. 

Pojib H MecTO CHCTeMbi Majibix KOCMHHecKHX annapaTOB ßß3 

KoCMHHeCKHe CHCTeMbi AHCTaHHHOHHOrO 30H,II,HpOBaHHa 3eMJIH (0,33) 
aBJiaiOTCa   THnHHHblMH    HH(j)OpMaUHOHHbIMH    CHCTeMaMH,    npeflHa3HaHeHHbIMH   flJia 
oöecneneHHa OTpacjiefi couHajibHo-SKOHOMHHecKOH c(j)epbi H opraHOB 
rocy^apcTBeHHoro ynpaBJienna flaHHbiMH o npnpoflHbix H TexHoreHHbix oöbeicrax, 
aßjieHHax H coöbiTHax. ,0,jia GesynpeMHoro cooTBeTCTBHa CBoeMy Ha3Ha*ieHHio TaKHe 
CHCTeMbi 30Ji>KHbi y^OBJieTBopaTb cjie^yiomHM OCHOBHHM TpeöoBaHHaM, 
ccj)opMyjiHpOBaHHbiM c yneTOM HeTBepTbBeKOBoro OTenecTBeHHoro H 3apy6e>KHoro 
onbiTa ,0,33 H3 KocMoca: 

KJ.KneHKo 



1) oöecneqeHwe raoöajibHoro o63opa nosepxHOCTH cyura H MHpoBoro 

oxeaHa; 
2) o6ecneqeHHe 30HflHpoBaHHa 3eMJiH BO Bcex BO3MOKHHX ,zpiana30Hax 

ajieKTpoMarHHTHoro cneKTpa B BHAHMOM, HK H pa/nio- ,n,Hana30Hax; 
3) oöecneqeHHe 30HflHpOBaHHH 3eMJiH c MaKCHMajibHbiM npocTpaHCTBeHHbiM 

pa3pemeHHeM He xy>Ke IM; 

4) oöecneqeHHe BO3MO>KHOCTH nojiyneHHa KOMrureKCHofi (BO Bcex ,n,Hana30Hax 

cneKTpa) HH(J)opMauHH Ha JHO6OH paöoH 3eMHofi noBepxHoera; 
5) o6ecneneHHe BO3MO>KHOCTH KBa3HHenpepbiBHoro Ha6jiio,fl;eHHa Jiioöoro 

ynacTKa MCCTHOCTH B Jiio6oe BpeMa cyTOK npH JHOöHX noro/jHbix ycjiOBHax; 
6) o6ecneneHHe BO3MO>KHOCTH ßocTaBKH HHC^opMauHH noÄb30BaTejno npaKTH- 

qecKH B peajibHOM MacuiTaSe BpeMeHH. 
npH     BCeM      3TOM      OHeBHflHbIM     aBJiaeTCa      ÄeJiaHHe      MaKCHMaJIbHO      B03M03CHOH 
MHHHMH3aHHH 3axpaT Ha co3flaHHe H HaflexHyio SKcnnyaTauHio KOCMH*iecKOH 

CHCTeMbi fl33. 
Hcnojib3yeMbie B HacToamee BpeMa OTeqecTBeHHbie H 3apy6e>KHbie 

KOCMHqecKHe cpe^CTBa JJ$3 B TOH HJIH HHOH CTenemi cooTBeTCTByiOT (c yneTOM 
peajiH30BaHHbix BoeHHbix KOCMHiecKHX nporpaMM) Jinuib nepBbiM TpeM 

TpeöoBaHHHM. Me>K3y Teivi pacurapeHHe Kpyra pemaeMbix c Hcnojib30BaHHeM 

KOCMH^ecKOH HH^opMaqHH npo6jieM (c yqeTOM 3a#aH MOHHTOpHHroBoro rana , a 

Tanace Hpe3BbiqafiHoro xapaKTepa) sacTaBJiaeT HCKaTb nyra He TOJibKO oöecneieHHa 

ÖOJiee HOJIHOrO COOTBeTCBHH B03MO>KHOCTeH KOCMHHeCKHX CHCTeM ,11,33 nepBbiM TpeM 
Tpe6oBaHHaM, HO H y#OBJieTBopeHHa BceM ocTajibHbiM. OflHaKO, HenoMepHO Bbicoxaa 
CTOHMOCTb TpaflHHHOHHO Ta>Kejibtx KA THna"Landsat", "Spot", "Pecypc-flK" H «p. 
He no3BOJiaeT ocymecTBHTb pa3BepTbißaHHe HeoöxoßHMbix cnyTHHKOBbix 
rpynnnpOBOK. Bbixofl H3 co3flaBUieroca nojioaceHHa oneBHfleH - nepexo,a; OT KA 
Taacejioro KJiacca K ManbiM KOCMHHCCKHM annapaTaw (MKA) n pa3BepTbiBaHHe 
cpaBHHTenbHO HeAOporon KOCMHHCCKOH CHCTeMbi MKA #33, o6ecneHHBaioiii;eH B 

TOH  HJIH  HHOH   Mepe  (ß  3aBHCHMOCTH  OT KOJIHieTBa  MKA B   CHCTeMe) BbinOJIHeHHe 
c(|)opMyjiHpoBaHHbix Bbime Tpex nocjieflHHX Tpe6oBaHHÜ K (J)aKTHiecKH "HAeajibHon" 

KOCMHHeCKOH CHCTeMe #33. 
CncTeMa MKA #33 He TOJibKO 6y,o,eT o-raenaTb BceMy KOMnJieKcy 

c(J)opMyjiHpOBaHHbix Tpe6oBaHHH, HO TaioKe co3flacT npe^nocbiJiKH K CHH>KeHHio 
ce6ecTOHMOCTH KOCMHqecKHx AaHHbix H K B03MOKHOCTH nocTeneHHoro nepexo^a OT 

3aTpaTHbix KOCMHnecKHX KOMnueKCOB #33 K npHÖbiJibHbiM, HTO noATBepJKflaeTca 
MHOrOqHCJieHHbIMH 3KCnepTHbIMH nporH03aMH BJIHaTeJIbHblX Ha MHpOBOM pbIHKe 
HHtj)OpMaUHOHHOH npO^yKUHH H yCJiyr B OÖJiaCTH    #33    KOMnaHHH.    KpoMe 3TOrO, 
CHCTeMa  MKA #33   6y^eT  oönaflaTb  pa^OM  ÄOCTaTOHHO   oneBHflHbix  KaqecTB, 
OTCyTCTByEOIUHX B  COBpeMCHHblX KOCMHqeCKHX  Cpe^CTBax #33,  TaKHX B  HaCTHOCTH 

KaK: 
1) rnÖKOCTb - nocKOJibKy MHoroiiHCJieHHbie (^yHKHHH, BbinojiHaeMbie B 

HacToamee   BpeMa    MHorouejieBbiMH KA,    MO>KHO    Sy^eT    pa3,n;ejiHTb      Meac^y 
HeCKOJIbKHMH    CnyTHHKaMH, HTO    H6 npeflCTaBHT npo6jieMbI H3-3a HX CpaBHHTeJIbHO 

HeöojibuioH CTOHMOCTH; 

2) HaflexHocTb - noTepa o^Horo cnyTHHKa /pa Sojibuiofi op6HTajibHOH 
rpynnnpoBKH He npHBe^eT K cymecTBeHHOMy CHHH<eHHio ee 3cj>(j)eKTHBHOCTH H, K 

TOMy Ke, M05KeT 6biTb öbicipo BOcnoiiHeHa; 
3) 60JIbUiaa BOCIipHHMHHBOCTb  K  HOBbIM  TeXHHHeCKHM  H     TeXHOJIOTHMeCKHM 

ÄOCTH)KeHHaM -    HOBbie KA 6y#yT co3flaBaTbca H 3anycKaTbca qame,     neM B 

K).KHeHKO 



HacToamee BpeMa    H,    cjieflOBaTejibHO,    RJIPL    BHe^peHHa    HOBMX    pa3pa6oTOK 
OTKpoiOTca 6onee OJiaronpnaTHbie BO3MO>KHOCTH; 

4) cepHHHoe npoH3BO,n;cTBO - nepexofl OT C03,a;aHHa e^HHHHHbix öojibninx KA 
K        CepHHHOMy        npOH3BOflCTBy        yHH(J)HIJHpOBaHHbIX    H3,a;eJIHH    n03BOJIHT    CHaTb 
MHO^cecTBO TexHOJiorHHecKHX npoöjieivi H yMeHbniHTb HX CTOHMOCTb ; 

5) B03M0>KH0CTb UIHpOKOrO IIpHBJieqeHHH BHe6lOfl)KeTHbIX HCTOMHHKOB 
(J)HHaHCHpOBaHHH; 

6) rapaHTupoBaHHOCTb BbinojiHeHHa 3aaBOK. 
Pa3pa6oTKa H pasBepTbmaHne CHCTeMbi MKA 3,33 OTKpbiBaeT iirapOKHe 

BO3MO»CHOCTH Rjin MeoK^ynapo/Hioro coTpyzjHHqecTBa . HanpHMep B njiaHe : 
1) opraHH3au;HH   mnpoKOH   Koonepannn   c   3apy6e>KHbiMn napTHepaMH no 

HCnOJIb30BaHHK)     MHpOBblX     ßHJiepCKHX     H     TejieKOMMyHHKaUHOHHblX     CeTefi     flJIH 
pacnpocTpaHeHHH KH BbicoKoro npocTpaHCTBeHHOro pa3pemeHna; 

2) co3flaHHH coBMCCTHbix npeflnpHaTHH flUH o6pa6oTKH H pacnpocTpaHeHHa 
(BHe/ipeHHfl) HH^opMauHOHHbix npOflyKTOB H ycjiyr; 

3) opweHTauHH Ha HcnojibSOBaHHe Jiyqnmx MHpoBbix flOCTHaceHHH B 

o6jiacTH co3^aHHH annapaTHO-nporpaMMHbix cpe^CTB w nepe,n;0Bbix TexHOJiornfi 
rJiyöoKofl Me^coTpacjieBOH oöpaöoTKH KH H a^anTanHio Hanöonee 3(])(j)eKTHBHbix 
nporpaMMHbix cpe^cTB K POCCHHCKHM ocoöeHHOcraM c ynacTHeM <jmpM-pa3pa- 
60THHKOB 3THX npoirpaMMHbix npo^yKTOB; 

4) npHBJieneHHH 3apy6e>KHbix HHBCCTHHHH Ha caMbix pa3JiHHHbix (HO 

HenpeMeHHO B3aHMOBbiroflHbix) yorcoBHax. 
Bo3MO>KeH H 6ojiee paflHKajibHbifi Bapnanr Mex^ynapo^Horo coTpyagnHHecTBa 

— coBMecTHaa pa3pa6oTKa H co3,n;aHHe MOKflyHapoflHoä CHCTCMM MKA ,3,33. Tanaa 
CHCTeMa Morjia 6bi o6ecnenHTb peuieHHe rjio6ajibHbix 3aflan, B qacraocTH 
SKOJiorHHecKoro HanpaBJieHHa. 

BapnaHT CHCTCMH MKA ,3,33 "MHHHMajibHO pa3yMHoä KOH<|)HrypaHHH"(no 
HameMy MHCHHIO) — STO CHCTeMa H3 pacnojio>KeHHbix B nJiocKOcra OKOJioKpyroBofi 
cojiHeqHO-CHHXpOHHOH opÖHTbi uiecTH MKA, oöecne^HBaioiHaa ,a,eTajibHoe 
HaöjnofleHHe jno6oro pafioHa 3eMHOÖ noBepxHOCTH oflHH pa3 B cyTKH. Cpe^Haa 
BbicoTa opÖHTbi KOCMHHecKHx annapaTOB TaKofi CHCTeMbi ^oiDKHa 6biTb nopa^Ka 620 
KM. CyTOHHaa nepHO/niHHOCTb Ha6jno,o;eHHa HaBeMHbix oöteKTOB flocraraeTca c 
Hcnojib30BaHHeM MaHeBpoB pa3BOpOTa MKA no KpeHy Ha yroji RO ±32°. ObeMKa B 

BHAHMOM flHana30He cneKTpia sjieKTpoMaraHTHbix KOJieöaHHÜ B03MO>KHa JIH6O Ha 
Bocxoflameä, JIH6O Ha HHexoAamefi HacTH BHTKa, B pafl,H0flHana30He — Ha BCCM 

BHTKe. ITpn Hcnonb30BaHHH B KanecTBe öopTOBofi annapaTypbi 3,33 onraKO- 
3JieKTpoHHOH KaMepbi THna "MOHHTOP" B03MOKHO nojryieHHe MHoro30HajibHoK 
HH(j)opManHH B BHfliiMOM ,0,Hana3OHe cneKTpa c pa3pemeHiieM nopa^Ka 3M. 

YMeHbuieHHe HHTepBajia nepno^niHOCTH Ha6jnofleHHa Ha3eMHbix oöteKTOB 
BO3MO)KHO TonbKo nyTeM yBenHneHna KOJinnecTBa MKA B CHCTeMe. TaK ^Jia 
30CTH)KeHHa noHTH H^eajibHoro cjiynaa HaÖJiro^eHHa jnoßoro oöieicTa KajK^bie 
nojiTopa iaca cocraB CHCTeMbi Heoöxo^HMO pacniHpMTb flo ßesaHocTO mecra 
KOCMHHecKHx annapaTOB c pa3jinqHOH KOMnjieKTaHHeiS 6opTOBofi annapaTypbi, 
oöecne^HBaiomeH 30HflHpOBaHHe na ocBemeHHofi H HeocBemeHHofi cropoHe 3eMHoö 
nOBepXHOCTH. 

KocMnqecKaa HH^opManHa, nojiynaeMaa c noMombio annapaTypbi ^33 
CHCTeMbi MKA, no3BOJiHT coBepniHTb KaHecTBeHHbiS CKaqeK B HH(|)opMaTH3anHH 
CTpaHbi, qTO BbiTexaeT H3 cjie^yiomero. 
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1. IloTeHijHajifcHfeie BCWMOIKHOCTH #aHHbix ßß3 B reoHH(J>opManHOHHbix 
cHCTeiwax B nojiHOH Mepe 6yzjyT peajncoBaHbi Jinnib B cjiynae BO3MO>KHOCTH HX 

oÖHOBJieHHJi H flonojiHeHHH Ha peryjiapHofi ocHOBe, HTO C noMombio TOJIMCO 

cyinecTByiomHx H paspaöaTbiBaeMbix KOCMHHCCKHX CHCTCM ^33 3aTpy«HHTenbHO. 
KapTorpatJwHecKHe HCTOHHHKH, nHTarouHie HHcJjopMauHeii THC, Tpe6yK)T 
nocToaHHoro o6HOBJieHHa CBOHX 6a3 #aHHbix. HHc|)opManHOHHbie HCTOHHHKH 

3THX 6a3 flaHHbix, conpaaceHHwe c npocrpaHCTBeHHbiMH xapaKTepucTHKaMH, B 

CBOK) onepeflb, nHTaiOTca H no#o,ep>KHBaioTca B 6ojibmeä nacra «aHHbiMH 
flHCTamjHOHHoro 30HflnpOBaHHa 3eMJiH. Bo3MOXHOCTb perynapHoro nojiyneHHa 
MaTepHajiOB fl33 B Heo6xo#HMbix o6i>eMax H Tpe6yeMoro Kaqecraa H3 
npefljiaraeMbix  K  pa3pa6oTKe  KOCMHHCCKHX   CHCTCM   #33   o6ecne*MBaeT  TOJibKO 

CHCTeiwa MKA. 
2. 3KcnjiyaTaijH» CHCTeMbi MKA c annapaTypofi #33 no3BOJiHT B nojiHofi 

Mepe peajiH30BaTb, BO3MOXHO, caMoe BaKHoe, "pbiHKoo6pa3yiomee" Tpe6oBaHHe 
nojib30BaTejieH - Ha^eKHOCTb (rapaHTHio) BbinoJiHeHHa 3axa3a Ha CbeMKy, HTO c 
nOMOmbK)  TOJibKO   IJUTaTHblX  H  IiepCneKTHBHblX  KOCMHMeCKHX   cpeflCTB   A33   (THn5 
"Pecypc-^K") HCBO3MO>KHO. HßeaJibHbrä BapHaHT 4)yHKUHOHHpOBaHHa TaKOH 
CHCTeMbi - B03MOÄHOCTb Ha6jiK>AeHHa jiK)6oro oö^eKTa B jno6oe BpeMa. 9TOH 

cnocoÖHOCTbK)   He   oSjia^aeT   HH   o,zma H3 cymecTByjoiinix HJIH npoeKTHpyeMbix 
KOCMHMeCKHX CHCTCM ßß3. 

3. ßjvt Hcnojib30BaHHa MaTepnairoB KOCMHHCCKOH cbeMKH npn peuieHHH 
3a^an MOHHTOpHHra H npeflynpe>KfleHHa o qpe3BbniaHHbix CHTyaunax 
KpHTH^ecKHM napaMeTpoM aBJiaeTca nepHO#HHHOCTb cbeMKH. Tlo srouy 
KpHTepHK) CHCTeMa MKA He HMeeT aHajioroB, o6ecneraBaa npaKTHiecKH 
nocToaHHbiH 0630p npoH3BOJibHoro panoHa 3eMHofi noBepxHOCTH. 

4. KocMHMecKHe CHHMKH oßecneTOBaioT co3^aHHe o6i>eKTHBHOH OCHOBH AJia 
KOJIHieCTBeHHOH     H     Ka^eCTBeHHOH     OUeHKH     B3aHMO^eHCTBHa     H B3aHMOBJIHaHHa 
cymecTByiomnx npHpo^Hbix H   couHajibHO-npoH3BO#cTBeHHbix CTpyKTyp,  CTeneHH 
H   HanpaBJieHHOCTH   HX   H3MeHeHHM,   IIpOHCXOßaiHHX   B   pe3yjIbTaTe  3THX   B3aHMOOT- 
HouieHHH, HMeroiinix pecypcHO-xo3aHCTBeHHbiH xapaKTep. CyinecTByiomHe B 

nacToamee BpeMa ebeMOHHbie CHCTCMW no3BOJiaioT nojiy^iaTb KOCMHnecKHe CHHMKH C 

pa3peuieHHeM, o6ecneHHBaK)inHM B03MO>KHOCTb HX Hcnojib30BaHHa npn: 
- royqeHHH H KapTorpa(|)HpoBaHHH aHTponoreHHbix (B T.H. TexHoreHHbix) H 

npnpoflHbix npoueccoB H aBJiemiH, BbBbiBaiomnx HapyuieHHe H 3arpa3HeHHe 
oKpyMcaiomeo cpeflbi; 

- onpeflejieHHH HX <J)opMbi H BHAOB B03#eHCTBHa  Ha  OKpy>KaiomyK)  cpe#y 
(B    OCHOBHOM    no HHflHKaUHOHHblM    npH3HaKaM); 

- BbiaBJieHHH (Ha JIOKaJIbHOM H MeCTHOM ypOBHax) 06T>eKT0B B03fleHCTBHa    H 
ero pe3yjibTaTOB (KaK no npaMbiM, raK H no KocBeHHbiM HJIH HH,iniKauHOHHbiM 
npH3HaKaM). 

HH^opMauHa #33 c CHCTCMM MKA noBbiCHT nojiHOTy peuieHHa aKOJiorn- 
qecKHX 3aAan, BnepBbie no3BOJiHB ocymecTBJiaTb SKOJiorHHecKHH MOHHTopHHr B 

nojiHOM CMbicjie cjiOBa. 
5. IloCTOaHHblH H Hafle)KHbIH KOHTpOJIb npn6pe>KHOH 200-MHJIbHOH 

HCKJHOHHTeJIbHOH SKOHOMHieCKOH 30HbI     (H93)     aBJiaeTCa OflHHM H3 
cocTaBJiaioinHX TpeöoBaHHH no HauHOHajibHOH 6e3onacHOCTH flJia Bcex CTpaH, 
HMeiou^HX MopcKHe rpaHHUbi. 3a^aHH TaKoro KOHrpojia B HacToamee BpeMa 
pemaiOTCa KpaÖHe He3cj)(j)eKTHBHO. 3apy6e>KHbiH H oTeqecTBeHHbiH onbiT, a 
TaK>Ke pe3yjibTaTbi cneiinajibHbix HCCJie^oBaHHH OAH03HanHO  noKa3biBaK>T,     ITO 
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3a#ara 3(J)(j>eKTHBHoro KOHTpojia H33 POCCHH   MoryT   6biTb   ycneuiHO   pemeHbi 
TOJIbKO    COBMeCTHMM    HCnOJIb30BaHHeM    MOpCKHX, Ha3eMHbIX, B03JJ,yHIHbIX    H 
KocMHqecKHX cpe^cTB. B 3TOM cMbicire CHCTeiwa MKA aBJiaeTca e^niHCTBeHHofi 
KOCMHiecKOH CHCTeMOH A33, OTBeqaiomeH OCHOBHHM TpeöoBaHHHM: 
HenpepbiBHOCTb, KpyrjiocyTOMHOCTb, Bcenoro^HOCTb HaÖjno^eHHa npH BMCOKOM 

npocTpaHCTBeHHOM pa3peuieHHH. 
6. Aapoc-beMKa HMeei onpe,n;ejieHHbie npeHMymecxBa nepe^; KOCMOCbeMKofi B 

nacTH 6ojibineH THöKOCTH pearnpOBaHHa Ha H3MeneHHe MeTeoycjiOBHH HJIH 

y/joBJieTBOpeHH« cpoiHbix 3aKa30B H pafl Jjpyrnx. OflHaKO B cjiyqae CHCTCMH MKA 
nojio^ceHHe o6paTHoe — KOCMHieciaie cpe^CTBa J\33 OKa3biBaioTca 6ojiee 
cnocoGHbiMH 6bicTpo pearnpoBaTb Ha H3MeHeHHe MeTeoycjiOBHH HJIH BbinojiHHTb 
cpoqHbiH 3aKa3 na cbeMKy 3a cqeT nenpepbiBHOCTH oÖ30pa. 

7. MOMCHO o>KHAaTb cymecTBeHHoro pacmnpeHHa BHyTpeHHero pbiHKa 
KocMHHecKOH HH(J)opMai^HH 3a cqeT yBejiHieHHa ero SMKOCTH, KOTopoe peajibHO 
no cjieflyromHM npHHHHaM : 

- yBejinqeHHe KOjinqecTBa noTpeöjiaeMoro npo/j;yKTa Tpa^HUHOHHbiMH 
noTpeÖHTejiHMH; 

- noHBJieHHe HOBHX nojib30BaTejieH, o6ycjiOBJieHHoe yHHKajibHOCTbio 
nojiyqaeMoii HHcJjopManHH; 

- noHBJieHHe HOBoro Kanec-rea pa3BHTHa OTenecTBeHHbix THC — nepexo,n; B 

nepcneKTHBe K nojmofi HHTerpanHH c CHCTeMaMH ,11,33, B KanecxBe KOTopbix CHereMa 
MKA He 6y^eT HMeTb KOHKypeHTOB. 

8. B Hacroamee BpeMa Ha MHPOBOM pbiHKe MaTepHanoB KOCMH^ecKHx 
H3o6pa)KeHHH BbicoKoro npocxpaHCTBeHHoro pa3peuieHHa npoHCxo^aT 
H3MeHeHHa,     HocamHe  npHHHHnHajibHbiH, KanecTBeHHbiH      xapaKTep, 3aKJHOHaio- 
IHHHCa    B    pe3KOM nOBblUieHHH KOHKypeHTHOH ÖOpbÖbl, B03HHKHOBCHHH MHOHCeCTBa 
HenpaBHTejibCTBeHHbix (JmpM H opraHH3aHHH, pa3pa6aTbiBaiomHX HOBbie KA #jia 
nojiyneHHa H3o6pa>KeHHH BbicoKoro npocxpaHCTBeHHoro pa3peuieHHa. 
CooTBeTCTBeHHO ycTaHaBJiHBaioTca HOBbie CTpaTerniecKHe napTHepcTBa AJia 
nojiyqeHHa H oöpaöoTKH AaHHbix c aoGaBJieHHeM CTOHMOCTH, HX pacnpocTpaHeHHa 
H cöbixa. CncTeMa ff33 c MKA B Hacroamee BpeMa npeflCTaBJiaeTca 
npaKTHHecKH e^HHCTBeHHofi nepcnejKTHBHOH OTeqecTBeHHOH pa3pa6oTKOH, 
cnocoÖHOH OKa3aTb peajibHoe BJinaHHe Ha <J)opMHpOBaHHe MHpOBoro pbiHKa 
MaTepHanoB KOCMHiecKHX H3o6paaceHH0. 
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Role and place of small spacecrafts (SS) for Earth remote sensing (ERS) in part of 
informational provision for social-economic and international collaboration tasks 

solution 

Yu. Kienko, E. Lukashevich and V.Gorelov 
State Center "Priroga" 

Russia, 105264, Moscow, Verkhnyaya Pervomayskaya str., 4b 
Fax: 164-49-07 

Abstract 

Needs for space information increase rapidly; they gradually approach to 
the level which can be determined in following way: "The volume of information 
never can be too high and it should be collected as soon as possible". 

Practice shows great potential opportunities for Earth remote sensing 
(ERS) applications in solution of broad list of tasks (practically at all economic 
and social areas). However the real area of space information applications is a 
small part of potential area. The main reason of this is that existing and 
developed ERS space systems are too far from the ideal system meeting all users 
requirements. In this sense, emergency of small spacecrafts (equipped by ERS 
sensors with high spatial resolution and integrated into the system) opens the 
opportunity of transition from "smaller" to "greater" and even to "very greate" 
degree of approaching ERS system to ideal state. 

Small spacecrafts (SS) system now is practically the single home 
development which can be a real competitor to another systems at the world 
market of information products and services at the ERS area. It will play the 
important role in the provision of information support of country. 

Reduction of prime cost of obtained space data creates preconditions for 
attracting non-governmental funding sources for the project. 

Role and place of ERS small spacecrafts system 

Space systems for Earth remote sensing (ERS) are typical information 
systems: they are intended for providing social-economic branches and 
governments by data about natural and technogenic objects, phenomena and 
events. For the purpose of irreproachable accordance to their assigment such 
systems should meet following main requirements, based on the home and 
foreign experience of space ERS during a quarter of century: 

1) provision of global coverage for land and ocean surfaces; 
2) provision of ERS at all possible ranges of electromagnetic radiation 

spectrum including visible and IR bands and radio frequencies; 
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3) provision of ER.S with maximum spatial resolution not worse than 1 
m; 

4) provision of collecting complex (at all spectral bands) information for 
any area of Earth surface; 

5) provision of quasi-continuous observations for any area at any time of 
day and night at any weather conditions; 

6) provision of near real-time data delivery to user. 
At all these conditions there is the evident desire for maximum possible 

reduction of costs for development and reliable operation of ERS space system. 
Home and foreign space tools for ERS used now to some degree meet 

(taking into account realized military space programs) only three first 
requirements. Meantime growing list of tasks to be solved ( including 
environmental and disaster monitoring) compels to seek ways not only for 
provision of more full correspondence of ERS space systems with three first 
requirements, but for correspondence with all another, too. However, the 
excessively high cost of traditionally heavy (large) "Landsat", "SPOT", 
"Resource-DK" and other spacecrafts doesn't allow to carry out deployment of 
neccessary satellite constellations. The way out of the situation is evident - 
transition from large spacecrafts to small ones and deployment of comparatively 
inexpensive ERS SS space system providing to some degree (depending on 
amount of SS in the system) meeting of above formulated three last requirements 
for really "ideal" ERS space system. 

The ERS SS system will not only meet all list of above formulated 
requirements, but it also will create the preconditions for reduction of space data 
prime cost and for possibility of gradual transition from expensive ERS systems 
to profitable ones; this fact is confirmed by numerous expert forecasts of 
companies having the influence at the world market of information products 
and services in ERS area. Additionally, ERS SS system will have a number of 
sufficiently evident features, which don't have modern ERS space systems. 
Particularly, these features include following: 

1) flexibility - so far as numerous functions carried out now by 
multipurpose spacecrafts can be divided between few satellites; this will not be a 
problem because of their comparatively low cost; 

2) reliability - a lost of one satellite for large spacecraft constellation will 
not lead to significant reduction of its effectivity, and, besides, can de filled 
quickly; 

3) strong sensitivity to new technical and technological achievements - 
new spacecrafts will be developed and launched more often than now, and 
therefore, more favourable opportunities for introduction of new developments 
will be opened; 
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4) serial production - transition from development of single large 
spacecrafts to serial production of unificated hardware will allow to solve a 
number of technological challenges and to reduce the cost of products; 

5) possibility of broad attraction for non-budgetary sources of funding; 
6) guarantee for filling of requests. 
Development and deployment of ERS SS system open wide opportunities 

for international cooperation. For example for: 
1) organization of wide cooperation with foreign partners on using of 

world dealers and telecommunications networks for distribution of high spatial 
resolution space data; 

2) creation of joint ventures for processing and distribution (introduction) 
of information products and services; 

3) orientation for using best world achievements at hardware and 
software development and at advanced technologies for profound inter-branch 
processing of space data and also for adaptation of most effective software for 
"Russian peculiarities" with participation of companies -developers; 

4) attraction of foreign investments at different (but certainly mutually 
beneficial) conditions. 

There is a possibility for more radical version of international 
colloboration -joint development and creation of international ERS SS system. 
Such system could provide solution of global tasks, particularly, the ecological 
ones. 

One ERS SS system version with "minimally reasonable configuration" 
(by our opinion) is the system of six SS settled at the plain of near-cirlular sun - 
synchronous orbit; this system provides detailed observations for any area of 
Earth surface one time of day and night. The average on-orbit altitude for 
spacecrafts of such system should be about 620 km. The daily periodicity for 
ground objects observations is achieved by SS bank maneuvres at the angle up 
to +32°. Observations at visible range of electromagnetic oscillations spectrum 
are possible either at ascending or descending part of the orbit; observations at 
radio frequencies range are possible at the whole orbit. When "Monitor" type 
opto-electronic camera is used as ERS on - board sensor, there is an opportunity 
for multiispectral data acquisition at visible range of spectrum with spatial 
resolution of about 3 m. 

Reduced interval for periodicity of ground objects observations is 
possible only by increasing of SS number in the system. So, for achieving of 
"near ideal" case of any object observations every hour and a half the system 
should be expanded up to 96 spacecrafts with various on - board sensor systems 
providing observations for illuminated and unilluminated sides of Earth surface. 

Space data obtained by ERS sensors of SS system will allow a qualitative 
leap into informatization of country; this is a consequence of following: 
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1. Potential opportunies of ERS data for geoinformation systems will be 
realized in full measure only at the case of their updating and regular 
completion; this is very difficult to do only by existing and developed ERS 
space systems. Cartographic sources providing information for GIS require 
regular updating of their databases. Information sources for these databases 
attended by spatial characteristics in its turn are provided and supported mainly 
by Earth remote sensing data. Possibility for regular acquisition of ERS data at 
neccessesary volumes and with required quality is provided only by SS system 
(the single system from proposed to development space ERS systems). 

2. Operation of SS system with ERS sensors will allow in full measure the 
realiazion of (perhaps) most important "market-forming" demand of users - the 
reliability (guarantee) of carrying out the order for survey; this is impossible only 
by operational and prospective space tools of ERS (for example, "Resource- 
DK"). Ideal version for functioning of such system is the possibility for 
observation of any object at any time. Neither existing nor developed ERS space 
systems don't have this ability. 

3. Periodicity of observations is a critical parameter for space data 
applications in solution of monitoring and forewarning about extreme situations 
tasks. On this criterion SS system doesn't have analogues; it provides practically 
continuons survey of any area of Earth surface. 

4. Space data provide creating of objective basis for quantitative and 
qualitative assessments of interaction and mutual influence between the existing 
natural and social - industrial structures, of degree and trends of their changes 
resulting from these interrelations of resources - economic type. Existing survey 
systems allow to obtain the space data with resolution providing their 
applications at following areas: 

- investigation and mapping of anthropogenic (including technogenic) 
and natural processes and phenomena resulting in destruction and pollution of 
environment; 

- determination of their forms and types of influence on environment 
(mainly by indications); 

- detection (at local level) of influencing objects and influencing results 
(as by direct as by indirect signs or by indications). 

ERS information from SS system will increase completeness of 
environmental tasks solution; it (for the first time) will allow to provide real 
environmental monitoring. 

5) continuous and reliable control for coastal 200-mile Exlusive economic 
zone (EEZ) is one of the constitutive requirements for national security at all 
countries having marine frontiers. Tasks of such control are solved now 
extremely uneffectively. Foreign and home experience and also results of special 
researches show that tasks of effective control for Russian EEZ can be 
successfully solved only by joint use of seaborne, ground - based, airborne and 
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spaceborne tools. In this sense SS system is the single ERS space system meeting 
following main requirements: continuous observations at any time of day and 
night at any weather conditions and with high spatial resolution. 

6) air survey has certain advantages to space survey - it has more flexible 
reaction to changes of weather conditions or to carrying out rush requests; it has 
a number of other advantages. However, in the case of SS system the situation is 
opposite - ERS space tools are more capable of reaction on weather conditions 
changes or of carrying out rush requests for survey due to continuos 
observations. 

7. significant expansion of home market for space data is expected due to 
increasing of its capacity which is real because of following reasons: 

- increase of number for consumed product by traditional users; 
- emergency of new users caused by unique characteristics of obtained 

information; 
- new quality for home GIS development - transition (in prospects) to 

complete integration GIS with ERS systems; SS system will not have 
competitors in this affair. 

8) there are some changes at the world market for space high spatial 
resolution data now; these changes are of fundamental and qualitative character 
- sharp increase of competition, emergency of numerous non-governmental 
companies and organizations developing new satellites for high spatial 
resolution imagery acquisiton. Accordingly, new strategic partnerships are 
established for acquisiton and value - added data processing and for their 
distribution and sales. Now, ERS SS system is practically the single prospective 
home developed system which can have real influence on forming of world space 
data market. 
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BwcoKOTOHHaa KOCMiraecKaa paflHOMeTpua - HanpaBjiemi» 
cTano,apTH3aii;HH 

Pa/picy AaTJia, Po6epT CaH^epc, Ajib6epT Ilapp 
Omeji onTHHecKOH TexHOjiorHH, HHCT, 
TeHTepcÖypr, MapiuieHÄ 20899, CIIIA 

BHKTOp IlpHBaJIbCKHH 
JIa6opaTOpHfl KOCMHHeCKOH ßHHaMHKH 

YHHBepCHTeT uiTaTa K)Ta, JloraH, K)Ta 84323, CIIIA 

YniKpHmipoBaHHafl    TepMHHOjioriw    H    o6menpHHHTaa    npaKTHKa 
aHajiH3a    HeonpejtejieHHOCTH    aÖcojnoTHo    Heo6xoflHMa    pjw    npoeKTOB 
KOCMHqeCKOH paHHOMeTpHH, BbinOJIHaeMMX BO BC6M MHpe, flJW o6MeHa 
HayyHHMH flaHHMMH H pe3yjibiaTaMH. 06MeH HayHHbiMH aaHHbiMH #33 H 

aHajiH3 oqem> BaxHbi B HacTynaiomeM TbicsraejieTHH H3-3a BJIHHHHH Ha 
aKOHOMHKy Bcex HauHH TaKHX cpaKTopoB, KaK rjioöajibHoe noTeruieHHe, 
HCTomeHHe 030HOBoro cjioH, 3aipü3HeHHe ra3aMH cnyrHoro cjie^a H 

H3MeHeHHe KJiHMara. Uporpecc cnyTHHKOBbix TexHOjiorHH cflejiaji 
aocTynHbiMH BceM aaHHbie ,11,33. QmraKo, cymecTByioT pa3jiBraiM B 

HHTepnpeTaii,HH pe3yjibTaTOB H3-3a HeflocTaTOHHbix HazjeiKHOCTH 
aojirocpoMHOH KajiHÖpoBKJT H rapanraH TpeöyeMofi TOHHOCTH flatmbix. B 
AaHHOH CTaTbe aHajiH3HpyeTcs[ peKOMeimyeMaa npaKTKKa BHeceHHH 
eflHHOo6pa3Ha B TepMHHOjioraio H aHajiH3a Heonpe^ejieHHOcTH. Mbi 
npe^fiaraeM TaioKe CTpaTeraio flocrasceHH« TpeGyeMOH TOHHOCTH JIJIH 

onraraecKHX aaHHbix ,3,33,   Hcnojib30BaHHe  Oyaymen   MKC   B  KanecTBe 
IUiaitpOpMbl   #JM   o6cjiy>KHBaHH5I   *iejIOBeKOM   CTaHflapTHblX   ÄaTHHKOB   mix 
Kajin6poBKH flaT^HKOB Ha .npyrax cnyTHHKOBbix iuiaTtpopMax J3ß3. 
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High Accuracy Space Based Radiometry - Strategies for Standardization 

Raju Datla, Robert Sanders and Albert Pan- 
Optical Technology Division, NIST, Gaithersburg, MD 20899 

and 
Victor Privalsky 

Space Dynamics Laboratory, Utah State University, Logan, Utah 84321 

Uniform terminology and common practices of uncertainty analysis are 
absolutely essential for space based radiometry projects around the world to 
exchange scientific data and exults. The need for the exchange of remote 
sensing scientific data and analysis is of great importance for the coming 
millennium because of the economic impact for nations around the world 
addressing issues of global warming, ozone depletion, trace gas pollution and 
climate change. The advancement of satellite technologies enabled data 
acquisition by space based remote sensing as a common practice. However, 
there have been disagreements in the interpretation of results because of lack 
of long-term calibration reliability and assurance of required degree of 
accuracy in the data. In this paper, a recommended practice for bringing 
uniformity in terminology and uncertainty analysis will be reviewed. Also, we 
propose as a strategy to meet the accuracy goals for the remote sensing 
optical data, the use of the upcoming International Space Station (ISS) for 
providing a platform for manned, and maintained SI traceable standard 
sensors for calibration of other remote sensing satellite sensor platform. 
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CucTfcMa pacnpe^ejieHEta flaHHHX B 6JIH3KOM K peajibHOMy Macnrraöe 
BpeMeHH imn 6pa3HJibCKoro cnyTHHKa ,0,33 

)KaHHO KOHO H XHMHJIKOH ,n;e KapBajibo 
Bpa3HJIbCKHH HHCTHTyT KOCMHWeCKHX HCCJieÄOBaHHH, HHI1E 

ÄBeHK) AcTpOHaBTOB,  1758 
C. )Ko3e Äoc KaMiioc - CII-12227-010-Epa3HjiH5i 

B CTaTbe onHCbiBaeTCfl cncTeMa pacnpeaejieHHH aaHHbix, nojiyiaeMbix 
OT Bpa3HJibCKoro cnyTHHKa £1,33 (SSR). CncTeMa npeflHa3HaHeHa /yra 
nepe^a^H flaHHMX Henocpe^cTBeHHo K nojib30BaTejiHM B npe^ejiax 
HecKOJibKHX nacoB qepe3 Manbie, fleuieBbie H jienco o6cjiy>KHBaeMbie 
npHeMHbie cTaHHira. 

CucreMa 6a3HpyeTC« Ha O^HOH HempajibHOH npneMHOH eraHHHH, 
npHHHMaiomeH flamme co ciiyTHHKa H npoH3BOÄam;eH HaqanbHyio HX 

o6pa6oTKy. uocjie 3Toro H3o6paxceHHe B HJOKHOM (popMare nepeaaeTca 
nojib30BaTejiflM nepe3 crryraHK CBIUH Ha Majibie aHTeHHbi H flanee Ha 
nepcoHajibHbie KOMnbioTepw nojib30BaTejieH. Taxaa cxeMa no3BOjiaeT B 

noHTH peajibHOM Macnrraöe BpeMeHH nepe^aTb HHCpopMaHHio Ha 6ojibniHe 
npocTpaHCTBa (KaK 3To HMeeT MecTO B Bpa3HJiHH). 

aC KOHO 
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1. Introduction 

Most of the problems concerning the monitoring of the Amazon region result from the 
lack of timely access to either environmental or illegal activities surveillance related 
data such as forest fires, river flooding, deforestation and drug traffic. This situation 
arises from the non-effectiveness of traditional satellite based remote sensing systems 
(e.g. LANDSAT, SPOT, etc.) in that they cannot provide real time imagery of the 
Amazon. 

Indeed, to obtain an image, the end-user must contact commercial agencies, which will 
further contact mission and control centers to schedule the image recording to the next 
pass of the satellite over the concerned region. Afterwards, raw image data will be 
processed and given to the user, about 3 to 4 months later. The usefulness of the 
received image will finally depend on the cloud covering conditions, which are 
generally a severe problem in the Amazon region. 

This paper addresses the problem of providing users from the remote sensing community 
with a near real-time, low-cost system for the SSR images distribution, and presents the 
analyzed solutions along with the chosen system architecture. 

2. Mission Summary 

The SSR is a Low Earth Orbit satellite, placed in an equatorial (i=0°) orbit, at a height 
of about 905 km. The on-board optical instrument will cover the equatorial region, 
from 5°N to 15°S, corresponding to a swath width of nearly 2200 km. This orbit 
provides a revisit rate of less than 2 hours, with up to 5 useful image acquisitions 
during daylight. 

The satellite will carry an optical instrument, capable of covering the specified swath 
width of 2200km, (from 5°N to 15°S), corresponding to a total field-of-view of about 
88°, in the bands listed in Table 1 with the required spatial resolution. 



Table 1 - SSR Bands and Resolutions 

Bands Wavelenght Resolution 

Bl 0.440 to 0.505 um 100m 

B2 0.530 to 0.575 um 100m 

B3 0.650 to 0.680 um 100m 

B4 0.845 to 0.885 urn 100m 

B5 0.895 to 0.990 urn 300m 

B6 3.4  to 4.2   urn 600m 

3. Communications System Configuration and Budgets 

The idea of real or at least near-real time reception is at the heart of this mission, as 
explained in the introduction. To achieve this mission goal, direct transmission of images 
to the users is necessary. However, the choice of such transmission system should be 
guided by the low-cost and simplicity requirements. 

Taking into account a swath with of 2200 km, 100m/600m ground resolutions and 
corresponding detector and pitch sizes, we have, according to Table 3, a data rate of 
nearly 52 Mbps, during the 15min of image acquisition time over Brazilian territory. 

Table 3 - Data Rate Assessment 

orbit period 103,09 min 
ground resolution 100 m 
detector size 6.50E-06 m 
altitude 9.05E+05 m 
Focal length 5.88E-02 m 
Number of Pixels 18725 
Satellite Ground Speed 7.40E+03 m/s 
Integration Time 1.35E-02 s 
Number of bands 6 
Radiometrie resolution 8 bits/pixel 
Data Rate            51,7 Mbps 



The main task of the communications system of the SSR mission is to make the image 
data available to users within the timeframe of one orbital period, that is, image acquired 
in orbit N should be received by the users before the begining of orbit N+l. 

Two problems arise from this requirement: 

• Of course, the high data rate from Table 3, associated to limited on-board 
available power for transmission and a large coverage region (corresponding 
to 90° optical Field-of-View) where users may be located, precludes the use of 
small fixed Earth antennas. (Indeed, the large radio-electric coverage area 
limits the gain of the on-board antenna.) 

• Another interesting point is that most of potential users are not located within 
the Amazon region, but are mainly stablished in the southern and more 
developed part of the country. 

In that perspective, it seems that direct transmission from SSR satellite to end-users is to 
be discarted by lack of direct visibility. Instead, an innovative image distribution system 
was devised, where the image data is received by a central station (located withm the 
SSR coverage area) and then retransmitted to users through a geo-stationary 
communications satellite, as shown in Figure 1. 

Figure 1.- SSR/GEO System Configuration 

This system comprises three links: 

1. from SSR to Central Station (CS), 
2. from CS to a GEO third party communications satellite, and, 



3.   from GEO to remote stations 

The first link is limited only by on-board power availability. Table 4, below, shows that 
for a central receiving station with a 11m diameter antenna, and 5W of RF on-board 
power, a link may be established in X-band (8.1 GHz) with a 3 dB margin, for end-of- 
visibility (maximum range, 3000 km) conditions for the satellite, with positive (1.7 dB) 
margin. 

Table 4: SSR to Central Station Image Data Link Budget Summary 

Frequency 
Data Rate 
Required C/No 
(BER=1.E-6) 

8.1 GHz 
51,7E+6Bps 77,13 DB 

83,63 DB 

Transmitter 
Power 5,00 W 7,0 DB 
Antenna Gain 3.0 DB 
EIRP 10,0 DBW 
Receiver 
Ant. Diameter 11 m 
G/T 30,00 dB/K 
Losses 
Range 
Free Space 
Rain Atten. 
Rx Depointing 
Total Losses 

3000,00 Km (5° elevation angle) 
-180,15 dB 

-0,50 dB 
-0,10 dB 

-180,75 dB 
Results 
K -228,60 dBW/Hz/K 
C/No 87,85 dB 
Margin 4,2 dB 

The second and third links, where data broadcast takes place, are mainly limited by GEO 
transponder band (usually 6 MHz) and time for data transmission (less than 1 orbital 
period). The huge amount of data, received by the SSR during its imaging period (which 
lasts about 15 minutes) must now be downloaded to users, during the rest of the orbit, at a 
rate limited by the transponder bandwidth. This limitation will be managed by 
introducing data compression as it is detailed in the next paragraph. 

Table 5 shows data corresponding to such a link, for the hypothetical case of a 6m 
diameter transmitter antenna and a standard 2.4m C-band TV receiving antenna at the 
remote stations. The data was taken from the Brazilsat B series communications satellite 
manual. 



A BER=1.0E-6 link can be established between the Central and Remote stations, for a 
6 0 MHz bandwith, considering a 1:1.7 lossless compression of image data at Central 
Station prior to broadcasting. In this case, the period of time between two successive 
passes of the satellite is used for the broadcast transmission, in a lower rate than it was 
received from the SSR satellite, with a retransmition time margin of approximately 10 
minutes, as it is shown in Table 5. 

Table 5: Data Broadcast 

Orbital Period 103,09 Min 
Data Rate (+10% margin) 56,1 Mbps 
Visibility Time 15,0 min 
Compression Rate 1,7 
Compressed Data Rate 32,99 Mbps 
Available band on GEO 6,0 MHz 
FEC 2/3 
QPSK Modulation 1,6 Bit/Hz 
Efficiency 
Max. Transm. Rate 6,4 Mbps 
Retransmission time 77,3 Min 
Time Margin 10,78 Min 

4. System Architecture and Operation 

Figure 2 shows the operational concept of the system, which involves a TMTC station, a 
data receiving and a transmitting station, 2 satellites (SSR and GEO) and a number of 
user-owned receiving stations. 

The images acquired by SSR will be downlinked to the Central Receiving Station in 
Cuiabä preprocessed and formatted to be broadcast to end users through the GEO 
satellite The Control Center (in S. Jose dos Campos) is rsponsible for all satellite control 
activities and the Mission Center (in Cachoeira Paulista) is the focal point for users 
requests. 

The link to a Central Station allows for some data processing prior to broadcasting, 
transmitting in this case more robust data to users. Also, traditional TVRO data 
encryption schemes, could be used for data protection or commercial use (if the end-user 
receiver has this capability). 

Indeed this architecture allied to a suitable data format for image transmission (like 
MPEG already used in TVRO broadcasts) provides extreme flexibility, in that not only 
image data can be conveyed through the link, but also messages, other kinds of data (such 
as low resolution meteorological images), alerts, and software (e.g., updates tor the 
image processing software that is used by the receiver station). 



Besides that, the use of off-the shelf technology will lower the price of the receivers 
while maintaining a good degree of reliability and simplicity. 

X-Band 

IRS 
(Cuiaba)j| 

Retransmission 
^      Statign (Cuiabä) 

Control Center (SJC) 

~...iüfe> •*- 
SSs»  Mission Center 

(Cach. Paulista) 

Figure 2: SSR System Elements 

From the reliability point of view, the second link (GEO) does not seem to greatly 
increase the system complexity, since the broadcasting service may be routed through 
different transponders or even satellites in case of malfunctions. 

6. Conclusions 

Short-term monitoring and planning regarding rapidly evolving environments, such as the 
Amazon rain forest, constitute a challenge due to the lack of available high temporal and 
spatial resolution images of those regions. Indeed, while traditional providers 
(LANDSAT, SPOT, etc.) acquire global data on a monthly basis, cloud covering 
precludes the exploitation of more than two or three images per year, or even less. 

The new data distribution system envisaged for the SSR mission attacks the core of this 
problem by providing end-users with a reliable, near-real time reception of robust, pre- 
processed image data. 

The SSR satellite, scheduled to be launched in late 2001 will constitute an unvaluable 
instrument available to private users, scientific communities concerned about ecology 
and Earth resources related to the Amazon and Equatorial regions, as well as to 
governmental authorities in charge of the surveillance of those regions. 



riepCneiCTHBbl C03flaHHH MeMCflyHapOflHOH KOCMHHeCKOH CHCTeMbI 

AHCTaHmiOHHOI O 30HAHpOBaHHH 3eMJlH 

B.O.YTKHH, B.H.JlyKtameHKO, r.r.PapfrcyHOB, A.B.BOJIKOB, 

A.B.JlyKtameHKO, C.B. A^aHacteB 
IJ,eHTpaJH>HHH HayHHO-HCCJieAOBaxeJIbCKHH HHCTHTyT MaUIHHOCTpoeHHJT 

PecfrepaT 

riepcneKTHBHaa Me>K,iryHapoaHafl KOCMnnecKa» cHCTeivra ^HCTaHUHOHHoro 
30HflHpoBaHHa 3eMJiH ÄOJi>KHa o6ecneHHBaTb HH^opMannoHHoe conpoBOKfleHHe 
peineHHa umpoKoro KJiacca 3aflaii. B cocTaB 3a^an, pemaeMBix KOCMHH6CKHMH 

cpeÄCTBaMH, Bxo^aT 3a^aHH cymecTBeHHO pa3JiHHaK)mHeca no Tpe6oBaHHHM 
onepaTHBHOCTH (OT 0.5 naca/io 10 cyTOK), npocTpaHCTBeHHoro (OT 1 M W 10 KM) H 

cneKTpajibHoro (OT 1 AO 20 HM) paspenieHna, npeataBJiaeMfciM K HX pemeHHK). 
Tpe6oBaHHa     K     nepcneicrHBHOH     MexgjyHapoAHOH     KocMHnecKoii     cHCTeivie 
ZlHCTaHUHOHHOrO 30H/HHpOBaHH« 3eMJIH OnpeßeJIHIOTCfl TpeÖOBaHHJIMH, 
npeAtaBJiaeMbiMH K cpe#CTBaivi MyjiBTHcneKTpajiBHoro BBicoKOÄeTanbHoro 
Ha6jiKDfleHHH, pemaromnx 3a^,aHH oneparaBHoro Ha6jno,n;eHHfl aTM0C(j)epi>i H 

noBepxHocTH 3eMHH. 
B HacTOflinen CTaTbe onncwBaeTCfl nepcneKTHBHMÖ npoeKT no co3,n,aHHio 

6opTOBoro KOMnneKca cneicrpoMeTpHHecKon annapaTypw, BKjnonaiomHH: 
cneKTpoMeTpHnecKHH KOMnjieKc y<E>, BmniMoro n HK flnana30HOB H 6opTOByro 
cncTeMy o6pa6oTEH H3o6pa>i<eHHa. Co3flanne TaKofl annapaTypu no3BOJiHT 
cymecTBeHHo pacmnpnTb KJiacc 3a^aH Jlß3, peniaeMbix KOCMnnecKHMH cpeßCTBaMH, 
H aacT BO3MO>KHOCTB yBejiHHHTb KOJiHHecTBO sa^an, pemaeMBix napaJTJiejibHO npn 
npoBe^eHHH CBCMKH 3CMHOH noBepXHoern. 
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1. Abstract 

A future international space system for the Earth remote sensing should 
provide the solution of a wide variety of problems. The problems, solved with 
space means, have an essential difference in the requirements to the 
operational efficiency (from 0.5 hours to about 10 day), spatial (from 1 m to 
10 km) and spectral (from 1 nm to 20 nm) resolution of those means that 
provides their successful solution. Requirements to the instruments for 
multispectral high detail observations, used at operative observations of the 
Earth surface and atmosphere, determine the requirements to a future 
international space system for the Earth remote sensing. 

In the paper a project of an onboard complex spectrometric instrument is 
described. The instrument includes: a UV, visible and IR spectrometric 
system and an onboard image-processing system. 

Creation of the instrumentation will expand essentially the number of the 
earth remote sensing problems which can be solved with space data aid. The 
instrument application will also provide increase of the number of problems 
which could be solved simultaneously during the earth surface survey. 

2. Introduction 

During the last decades, due to the drastic growth of the man impact, a low 
efficiency and lack of coordination of the conservancy activity, a significant 
environmental degradation has been occurring. Industry-developed regions 
have undergone the most essential effect, since a high density of power 
plants, chemical, metallurgical factories and etc. in the said regions caused an 
uncontrollable overload of the environment, and generated conditions for 
emergency and potential dangerous event occurrences. Thus, in many 
developed industrial regions a need in urgent activities, providing 
environment monitoring, inspection and improvement of ecological 
conditions, appeared. One of the principle objects of environmental 
monitoring is a well-timed and full detection of the environment conditions 
and forecast of their trends. Space means for the Earth remote sensing make 
the most complete monitoring of such regions available, owing to the 
following advantages: 
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• easier techniques and organization, and consequently, a lower cost than 
ground and aerial means provide for local or regional monitoring; 
• wide observation coverage; 
• possibility of execution of the factor integration, i.e. integration of elements 
of the geosphere - atmosphere, hydrosphere, lithosphere, biosphere, 
antroposphere - in one image that provides a possibility for an analysis of 
their global and regional interaction, and also detection and control of a man 
impact; 
• possibility of dynamic integration, when a series of images of the same 
region, received from the one and the same facility with a specified period, 
provides an analysis of the rhythm and trends of evolution for the regions 
under inspection; 
• large-scale imagery availability that provides a generalization of ecological 
data to extract large-sized objects with no detail (which are needless in 
certain cases). 

An environmental monitoring demands space observation means of high 
spatial and spectral resolution, and also a high operational efficiency of data 
delivery to a customer. E.g., the monitoring of points of atmospheric 
emission, soil contamination and also estimation and forecast of 
environmental conditions for a region requires the spatial resolution of 
(5... 10) m at the spectral resolution of (1...2) nm, and the time of data 
delivery to a customer of some hours. To obtain reliable estimations of 
environmental conditions in regions, a combined processing of data in UV, 
visible and IR wavebands should be executed. Some problems of the 
monitoring demands also a combined processing of the data, obtained from a 
number of narrow spectral channels. It should be noticed that different goals 
of the monitoring need different combinations of the narrow spectral 
channels. Therefore, the development, manufacturing and testing of a UV, 
visible and IR multispectral spectrometric facility of high spatial (5-10 m) 
and spectral resolution (1-2 nm) is accepted as a primary task to create a 
space segment for the environmental monitoring. 

However^ the multispectral spectrometric technology (of the said high 
specifications) arises a problem of data transmission, since modern «space-to- 
Earth» radio links have a low level of the channel capacity (some 100 
Mbaud) [1]. So far, the said problem has been solved by means of the power 
increase of a communication line (owing to an increase of the power of a 
transmitter or sizes of receiving and transmitting antennas). The maximum 
power level of an onboard transmitter is limited by the ruling international 
telecommunication laws. And an enlargement of an onboard antenna 
contradicts the principle of space vehicle sizes minimization. Nowadays, a 
new trend is indicated: transition to the application of mid- and small-type 
space vehicle technology for the Earth remote sensing. An enlargement of 
ground receivers causes a significant rise of the receiving station cost that 
results in impossibility of a receiving station implementation     in regions in 
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the near-term time and limits drastically the number of space information 
users. Nevertheless, a high capacity channel of a «space-to-ground» radio 
link   (up to 1 ... 10 Gbaud) is required to provide the acquisition of data of 
the high-resolution multispectral spectrometric facility project, submitted in 
the  paper.   In  the  authors'   opinion,   to   meet  the   said  requirements  a 
specialized onboard image processing system (OIPS) should be developed 
which would reduce the data flows. The OIPS should provide realization of 
the following functions: 
.   compression   of an   image   both  with   losses   and   with   no   losses   of 
information; 
.   synthesizing of multispectral images; 
.   extraction of objects under specified spectral and spatial indications. 

An insufficient efficiency and incompleteness of coverage of potential 
provincial customers is inherent to the present-day centralized system of 
reception and distribution of the satellite Earth remote sensing data. A future 
international space system for the Earth remote sensing must provide an 
environmental monitoring with the time of data delivery at the level of some 
ten minutes to some hours. The application of an onboard image processing 
system with an option of data compression makes the application of small 
receiving stations feasible for a real-time delivery of the space high- 
resolution data directly to regional customers. 
So, a future international space system for the Earth remote sensing should 
include an onboard instrument of a high spatial and spectral resolution, an 
onboard image processing unit, ground small receiving stations and provide 
harmonization and coordination of the said equipment. Currently, a project 
of a complex spectrometric system creation for the Earth remote sensing is 
under development by the authors. The instruments designed to use in the 
system are planned as follows : 
■ onboard spectrometric system of a high spatial and spectral resolution; 
• onboard image processing system; 
• ground small space data reception station, including related software. 

3. Onboard High Resolution Spectrometer 

The history of creation and operation of high spatial resolution multispectral 
spectrometers is short. The first attempt of launch of an earth remote sensing 
satellite {Lewis, USA) [1] with an onboard alternative sample of the said 
equipment was terminated in failure in 1997. The satellite failed in orbit. 
Below, the Lewis multispectral spectrometric system is briefly described. 

A spectrometer of a high spatial and spectral resolution (hyperspectrum 
instrument, HSI) was developed and manufactured by TRW. An onboard 
sample of the said system was lost with the Lewis satellite launch failure 
(USA) on August 22, 1997. 
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The HSI operates in three different modes and prepares for transmission up 
to 3 images per day (Lewis alternative). In the panchromatic mode the 
instrument operates in the waveband of (0.45...0.75) \xm with the spatial 
resolution of 5 m and the coverage zone of 13 km, at 256 levels of signal 
quantization, an image of (13 x 13) km area is the result. In the first 
hyperspectrum mode the instrument operates in 120 spectral sub-channels in 
the waveband of (0,4... 1,0) urn with the spectral resolution of 5 nm. The 
operational waveband of the second hyperspectrum mode is (0,9...2,5) (im, 
the spectral resolution is 6,25 nm, the number of sub-channels - 256. In the 
both hyperspectrum modes the spatial resolution is 30 m, the observation 
width is 7,7 km (an image of (7,7 x 7,7) sq. km area), the signal quantization 
is 4096 levels . The range of observation angles from nadir is ±22°. The 
values of spatial resolution and observation width are valid for the Lewis case 
(the sun-synchonous orbit of 502-km altitude). To detect and exclude then 
the areas, covered with clouds in the obtained images, Lewis had an 
onboard specialised computer. Besides, the satellite could operate in the 
regime when the sector of view of the LEISA mid-resolution instrument (also 
mounted on the satellite) could rotate toward the flight direction that 
provided a beforehand analysis of a cloudiness density along the trajectory 
and prevent the HSI operation over the objects under a cloudy coverage. In 
that way it was planned to avoid non-informative images. Images from the 
Lewis onboard HSI planned to be stored in a special onboard storage device 
(4 GByte capacity). The weight of the instrument was some 50 kg. 

Besides the above system, the scientific equipment of the Clark satellite 
(USA) [1] is similar to the submitted multispectral instrument (with respect 
to the optical unit and the system of image processing). They plan to launch 
a multispectral spectrometer (WorldView Imaging development) which has the 
following performances: wavebands - (0,45...0,8) jam (panchromatic 
channel), (0,5...0,59) \im and (0,61...0,68) |nm (multispectral channels); 
spatial resolution - 3 m in panchromatic and 15 m in a multispectral 
channel; observation zone - 6 km in panhromatic and 30 km in a 
multispectral channel; range of observation angles from nadir - ±30° (along 
and perpendicular to the flight trajectory); accuracy of the geodesic tie-in of 
images - 100 m. The possibility of the Clark instrument optical axis to rotate 
in a range of observation angles from nadir along the flight trajectory is 
developed to obtain stereoscopic imagery of objects during one flyby. Also an 
onboard compression of the obtained images with the compression factor of 
from 2 up to 100 has been planned. Besides, they plan implementation of on 
an onboard computer special algorithms for revealing indications of specified 
objects in an image. Then, the application of specified spectral indications 
provides the selection of both areas, covered with clouds, and various 
commercial objects of the earth remote sensing. An onboard storage device 
capacity of 1,37 GByte is planned. 
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Currently in Russia, the multispectral high resolution scanners of "MCy-3" 
series have been operating on board "Resurs-O" series spacecraft and 
"Priroda" module of "Mir" station [1-5]. The last "MCY-Sl" [1] modification 
has the spatial resolution of 25 m (in perpendicular direction to the 
trajectory) and 34 m (along the trajectory), operational wavebands of 
(0.5...0.6), (0.6...0.7) and (0.8...0.9) jam,'number of signal quantization levels 
is 256, the observation width of 45 km, the power consumption of 150 W, 
the weight of 27 kg. 

Joint international efforts within the framework of the onboard ISS test 
development of elements of a future international system for the earth remote 
sensing could result in the creation of an onboard spectrometric system of a 
high spatial and spectral resolution with the following designed performances: 

- waveband 0,25-5,5^m 
- spectral resolution: 

operational band:     0,25... 1,2 |a,m     1 nm 
3,0...5,5 f.im     40 nm 

- angular resolution, multispectral mode 
operational band: 0,25...1,2 urn     < 2,7" 

3,0 ....5,5 (am     < 10,4"   .„ 
- angular resolution, panchromatic mode < 1,5" 
- observation width, multispectral mode 

operational band: 0,25...1,2 \im     0,7° 
3,0.... 5,5 nm     0,74° 

- observation width, panchrom. mode 1,0° 
- range of observation angles (optical axis from nadir) 

along the flight trajectory     ±30° 
perpendicular to the flight trajectory ±30° 

- number of a signal quantization levels 4096 
- number of simultaneously processing channels : 

multispectral image synthesis mode > 10 
object extraction mode     > 10 

- ratio of image compression in one spectral channel: 
no information losses         2 - 5 
with information losses       50 

- weight    < 100 kg 
- power consumption < 150 W 

The onboard spectrometric complex equipment is designed to use for 
multispectral imaging in the UV, visible and IR wavebands with a high spatial 
and spectral resolutions (in the UV and visible - 10 m and 1 nm, 
respectively, in IR - 40 m and 40 nm, respectively). The system consists of a 
scanning spectrometer, operational in UV, visible and near IR bands 
(0.25... 1.2 \xm) with the spectral resolution of 1 nm, IR scanning 
spectrometer (3.0 ... 5.5 u-m) with the spectral resolution of 40 nm and a 
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panchromatic scanner (0.4 ... 0.8 um). The principle of the scanning 
spectrometer operation is based on the diffractional holographic mirror 
scheme. This configuration provides manufacturing of a compact and simple 
device with no driven mechanical units that will increase its service life 
factor. To provide a tie-in of an image, a scanner of visible band is used in a 
panhromatic mode with a spatial resolution in two times higher than in 
multispectral modes (5 m). The weight of the system should not exceed 100 
kg that will allow to mount it onboard a small spacecraft for the Earth 
remote sensing. To guide the objects of observation, the line of sight (optical 
axis) of a spectrometer should be able to rotate from the nadir direction in 
the range of angles of ±30° (along and perpendicular the trajectory of a 
flight). 

4. Onboard Image Processing System 

One of the problems of the complex scanning instrument development is its 
provision with processing, storage and transmission to ground of the data, 
obtained by a high resolution spectrometer. The imagery output in 
(0.25...1.2)-um band with the 1-nm resolution is a set of images in 950 
spectral channels, and in the (3.0... 5.5)-um band at the resolution of 40 nm 
it is a set from 60 channels. Thus, the spectrometric instrument provides 
simultaneous acquisition of up to 1010 images in total. 

At the spatial resolution of 10 m and orbital altitude of some 500 km the 
required time of output data reading of the spectrometer CCD is 1.5 ms. In 
the submitted spectrometer the designed dynamic range of signal is 4096, i.e. 
12 bit per pixel is provided. If the observation width is 10 km, the data flow 
from one spectral channel is 8 Mbaud. However, the desirable width is 40 km 
that causes a data flow of 32 Mbaud. The total data flow on the instrument 
output is 8 Gbaud if the observation width is 10 km, and it is 32 Gbaud in 
case of 40-km coverage. 

The maximum channel capacity of modern centers for space data receiving is 
some 100 Mbaud (of the future - up to 200 Mbaud) [1] when the ground 
dish diameter is not less than 5 m [3]. In case of space data reception by a 
small station, the maximum channel capacity of a radio link is approximately 
up to 10 Mbaud and the antenna diameter is about 2 m [1]. 

So, some difference occurs between the output spectrometer data flow values 
and the flows provided by a conventional ground station for real time data 
transmission. It means that in case of a real-time data transmission the 
satellite data flow must be reduced in some 2 orders of magnitude. In case of 
a buffer storage and a 20-minute communication session, the transmission of 
an image of (10 x 10) sq. km area at the information flow of 10 Mbaud is 
supported that is acceptable for a small reception station. 
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The complex scanning instrument should be experimentally tested and 
validated by application of new techniques, demanding both imaging in all 
operational spectral bands of the instrument and storage of data in an 
onboard storage device (which capacity is 15 Gbaud per frame). The 
instrument is planned for placing onboard the International Space Station 
with support of data reception at the space information center (with the 
channel capacity not less than 64 Mbaud). 

In case of a normal operation of the instrument and data reception on a 
small receiving station (10 Mbaud channel capacity), the data flow must be 
reduced more than in 3 orders of magnitude. A normal operation mode 
does not require transmission of data in the all spectral channels. Usually, 
the required number to solve an ecology or economy problem varies from 3 
up to 7 spectral channels. Therefore, to provide simultaneous execution by 
the instrument of a maximum number of tasks, it is necessary to process the 
data obtained in various spectral channels onboard a satellite, using an 
onboard image processing system with synthesizing of a multispectral image. 
Each task is provided with one synthesized multispectral image, in 
accordance with specified spectral channels. After multispectral synthesized 
images are obtained, a spatial compression of an image is executed. Such 
reduction of data flow allows to perform simultaneously up to 10 tasks of the 
remote sensing in a real-time mode. 

After imaging of the Earth surface, it is necessary to perform an atmospheric 
correction of an image. For this purpose it is necessary to know the total 
concentration of the aerosol, ozone and others small gas components. To 
provide a high-accuracy correction the data from a number of spectral 
channels must be transmitted to ground on the each gas component. 
Therefore, an atmospheric correction should be executed by the OIPS. It will 
allow to increase the radiometric accuracy of an earth surface image. 
Imagery in the (3.0...5.5)-|um waveband requires to produce a radiometric 
correction of spectral channels by means of an onboard calibrator. 

The onboard image processing system also should perform selection of the 
areas under cloudiness in an image. If the value of a cloud coverage of an 
object is more than a specified value (percent) then the onboard system 
operation control device removes that image and perform imaging of a 
preliminary-specified alternate object on the current or next orbit revolution. 
This mode of operation increases in several times the receiving of useful 
scientific and commercial images. 

The small values of weight, power consumption, and also a capability to 
change the image processing algorithms are among the principle requirements 
to OIPS of a small satellite. Therefore, an OIPS of a future spacecraft 
should be realized on the basis of digital circuitry technology with application 
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of digital signal processors (DSP) and complex programmed logic devices 
(CPLD). 

The data from a spectrometric system output should be transmitted to the 
ground by means of a radio channel with application of a method of the data 
digital protecting coding. It will reduce the cost of a reception station, 
increase integrity and reliability of the received data and capacity of a radio 
link. 

5. Conclusion 

The submitted analysis of the current state of the technology of high 
resolution spectrometric systems for operation on the board of earth remote 
sensing spacecraft has revealed a great demand in the development of a new 
complex spectrometer. 

The new spectrometer performances provide the tasks of the earth remote 
sensing with the spectrometric data in UV (0.25...0.4 urn), visible (0.4...0.9 
\im) and IR (0.9...1.2; 3.0...5.5 urn) wavebands with the number of a signal 
quantization of 4096 and the sizes of an image (10 x 10) sq. km. The 
information allows to solve a number of problems of the atmosphere surface 
layer control and also of environment protection. 

The development and testing of the new complex system could be performed 
in the framework of an experiment program on board the international space 
station. 

The current capacity of a «satellite-to-ground» radio link requires a data 
processing on board a space satellite. That leads to the need of creation of an 
onboard image processing system (OIPS) included in the structure of the 
spectrometer system. In case of a buffer storage and a 20-minute 
communication session, the transmission of an image of (10 x 10) sq. km 
area at the information flow of 10 Mbaud is supported that is acceptable for a 
small reception station. 

The data from a spectrometric system output should be transmitted to the 
ground with digital protecting coding to provide the integrity and reliability of 
the received data and capacity of a radio link. 
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HOBWH MeTOfl KOMnjieKCHoro Hccjie#OBaHHH npHpo^Hbix 
pecypcoB 3eMJiH H Äpyrax KocMiraecKHX Teji 

no pC3yjIbTaTaM /piCTaHHHOHHOrO 30HÄHpOBaHHfl 

YTKHH B., JlyKbjnaeHKO B., PaoityHOB I\, BOJIKOB A. 

D,eHTpajibHwii HayMHO-HcaieaoBaTejibCKHH miCTHTyT MauiHiiocTpoeHHfl 

JIOMOHOCOB M. 
CaaoBHHHHfl B., AjieKcaiwpoB B., iKyicoB B., JIasapeB T., MaKCHMOB B., «PHBCHCKHH K). 

MOCKOBCKHH rOCyflapCTBCHHWH JTHHBepCHTeT HM. M.B.JIOMOHOCOBa 

C03ÄaHHe nepcneKTHBHblX KOCMHTCCKHX CHCTeM «HCTaHHHOHHOrO 30HflH- 
poBaHna 3eMJiH H apyrax KocMsreecKHX Teji Bcer#a conpoBOXCflaeTCH paspa- 
60TKOH 3<p<peicraBHbix ajiropHTMOB H nporpaMM, nosBOjimonnix BeCTH TeMa- 

THHecKyio o6pa6oTKy «aHHbix KocMiraecKoro HaojHOÄemra. 
IlocjießHHe flecHTHJieTHa o3HaMeHOBajfflcb orpoMHMM nporpeccoM B flejie 

oöpaöoTKH aaHHbix ^HCTaHUHOHHoro 30HflHpoBamia. 3aMerao pacinnpHJica 
apceHaJI   MeTOflOB   fleiUHCppHpOBaHHfl,   OCHOBaHHblX   Ha   BbMBJieHHH   H   HC- 
nojibsoBamra BbWBJieHHbix saBHCHMOcTeö MeiKfly 3a4>HKCHpOBaHHbiMH B aa- 
poKocMiwecKHx H3o6pa5KeHHHx napaMeTpaMH BOJIHOBBIX H3jiyqeHHH H xa- 
paicrepHCTHKaMH Hccjie^yeMbix o&beKTOB H HBJieHffl. 

Bee iirape flaHHbie AHCTaHHHOHHoro 30HAHpoBamra Hcnojib3yioTca flJia 
HsyqeHiM Heap 3eMjra H «pyrax KocMiraecKHX Teji, B TOM wcjie pa npo- 
rao3HpoBaHiw MecT H rjiyÖHHbi 3ajieraHiw, sanacoB, oHemai ycjioBHH SKC- 

iuiyaTaHHH H flpyrax xapaicrepHCTHK nojie3Hbix HCKonaeMbix. fljra aroro 
npOH3B<WIT BH3yaJIbHbffl,  H3MepHTeJIbHbffl HJIH aBTOMaTH3HpOBaHHbIH aHa- 
jiH3 HHTeHCHBHOCTH, cneKTpajibHoro cocTaßa, npocTpaHCTBeHHOH ÄHcb(pe- 
peHUHanHH H BpeMeHHOH H3MeiMHBOCTH 3a(pHKCHpOBaHHOrO B aapOKOCMH- 
qecKHX H3o6pa>KeHiMX H3jiyqeHHa, npHxoflHmero OT oöbeicroB Ha Meerao- 

CTH. 
JJjm Toro, HTOöW pacnnipHTb BO3MOJKHOCTH aHajiH3a flaHHbix fl33, HC- 

nojib3yKyrcH He TOjibKo npHMbie aeuiHcppoBO^Hbie npH3HaKH, anpnopHo H3- 
BecTHbie HJIH BbMBJiaeMbie B nponecce HejieHanpaBJieHHoro HccjieflOBaHHa 
aapoKocMH^ecKHX H3o6paxeHHH, HO H KOCBeHHbie npH3HaKH, HiHpoKO HC- 

nojibsyeMbie npex»e Bcero npn BHsyajibHOM flenrauppHpoBamra. KocBeH- 
HbiMH npH3HaKaMH oöbFiHo cjiyacar HHflHKauHOHHbie cBoiicTBa pejibe<pa, 
paCTHTejIbHOCTH, nOBepXHOCTHblX BOfl, nOHB H rpyHTOB. 

npn Heo6xoflHMOCTH npHMetraioT HHippoBaHHe, (poTorpaMMeTpHqecKyro H 

4)OTOMeTpiwecKyio o6pa6oTKy H3o6paaceHHH, HX reoMeTpiwecKyio KoppeK- 
HHK)   MaCUITaÖHpOBaHHe, KBaHTOBaHHe, KOHTpaCTHpOBaHHe H (pHJIbipaHHlO, 
CHHTe3HpOBaHHe  HBeTHblX  H306paaceHHH,   B  TOM HHCJie   C  HCHOJIbSOBaHHeM 

paauHHHbrx (pmibTpoB H T.ä. 
Ho TeM He MeHee, HafleacHbix H 3(p(peKrHBHbix ajiropHTMOB H nporpaMM 

fljra TeMaTEraecKOH o6pa6oTKH flaHHbix ,0,33 B uejwx nporaosHpoBamiH H 

oueHKH MHHepajibHbix H «pyrax npnpoflHbix pecypcoB Tax H He 6bUio cos- 
ÄaHo  Bojiee Toro, MOJKHO KOHCTarapoBaTb, mo 6orareHHiHe, npaKTiwecKH 

B.CaflOBHHHHH H flp. 



HencqepnaeMbie mttpopMauHOHHbie pecypcw MarepHajioB #33 Hcnojib3yK>T- 
CÄ B uejioM BecbMa cjia6o. 

3TO noöymuio aBTopoB ßOKjiaßa npHcrynHTb K pa3pa6oTKe opHrHHajibHoii 
cHCTeMW ajiropHTMOB CTpyicrypoMeTpHHecKoro aHajiH3a MHorocneicrpajib- 
Hbix KocMiraecKHX flaHHMx BbicoKOFO npocTpaHCTBeHHoro H cneKTpajibHoro 
pa3penieHHH c uejibio peuierara 3a«aH noHCKa MecTopo^fleHHH HecpTH, ra3a, 
yrjra, pyn pa3JiEraHbix MeTajuioB H apyrux nojie3Hbix HCKonaeMbix H oueHKH 
ycjioBHH HX 3ajieraHHa. flHana3onaM H TeppHTopHHM MaTepnajioB aapoKoc- 
MHHeCKHX   CbeMOK.    npOBefleHHbie   HCCJieflOBaHHH   II03BOJIHJIH   yCTaHOBHTb 
npHHimnnajibHO HOBMH MexaHH3M uejieHanpaBJieHHoro BbMBJieHHH no 
flaHHHM D33 npaKTHHecKH JIK>6MX TeppHTopnajibHO pacnpeaejieHHbix HJIH 

CTpyKTypHpOBaHHblX «aHHbix. 
Ha 3TOH ocHOBe 6buia pa3pa6oTaHa KOMiuieKCHa» KOMiibKyrepH3HpoBaH- 

Haa MeTO^HKa, no3BOjiaromaH npoBO^HTb Hayrabifi aHajiH3, nporao3HpoBaTb 
pasMemeHHe H ycTaHaBjiHBarb pasjiiMHbie napaMeTpw He<pTera30Bbix 3ajie- 
aceft H zipyrax o6beKTOB reojioranecKOH cpeflbi, B TOM HHCjie HaxojtamHxca 
Ha 60JIMHHX rjiyÖHHax. 9Ta MeTOflHKa oKa3ajiacb Taicace npHro^Hon fljia on- 
peflejiemiH npmioBepxHocTHbix o6beicroB H aBJieHHH, B TOM HHCjre Bejiirra- 
Hbi H cocTaßa reoxHMHFiecKoro 3arp5i3HeHH5i KOMnoHeHTOB jiaiwuacpTa, jsjiz 
KOMIIJieKCHOH  OIjeHKH  HanpJDKeHHQCTH  SKOJIOrHHeCKOH  OÖCTaHOBKH  H  pe- 
iueHHH MHorax HayqHbix H npHKnaflHbix 3a#a*i. 

MeTomiKa öbuia onpoöoBaHa na npHMepe KOMnwoxepHoro oÖHapyaceHira 
H KOMiuieKCHoro aHajiH3a reojioraraecKHX o6b6KTOB (3ajieaceö pa3jTHHHbix 
nojie3Hbix HCKonaeMbix, KapcTOBbix nojiocTefi, cy(p(po3HOHHbix BopoHOK H 

T.R.), reoMop4>ojiorHraecKHX, BOflHbix, noHBeHHbix H pacTHTejibHbix oöbeK- 
TOB, 4>H3HqecKHX (pazjHoaKTHBHbie, ajieKTpoMarHHTHbie H flpyrae nojra). Ha 
ocHOBe flaHHOH M6TOÄHKH TaiOKe OTpa6aTbiBajiHCb npHeMbi pemeHH» pa3- 
jiHHHbix aKOJiorirqecKHX 3aflaH (3arpji3HeHHe TeppHTOpHH H aKBaropHH Tä- 

acejibiMH MeTanjiaMH, flHOKCHHaMH H «pyrHMH Bpe^HMMH BemecTBaMH H co- 
eflHHeHnaMH), aHajiH3a COCTQHHH» xo3«HCTBeHHbix seMejib, 3^aHHH H co- 
opyaceHHH, oöbeicroB cTpoirrejibCTBa [1,2 H ap.]. 

MeTQflHKa cTpyKTypoMeTpHHecKoro aHajiH3a. 

npeanaraeMaa MeTOflHKa ßeiiracppHpoBaHH» aaHHbix #33 ocHOBaHa Ha 
nrapoKOM HcnojibsoBaHHH HHtpopMaHHOHHbix CBOHCTB pa3JiHHHbix aHana- 
30HÖB H3JiyHeHHH 3JieKTpOMarHHTHbIX BOJIH H IIpOBeßeHHH CHCTeMHOrO aHa- 
jiH3a aapoKocMiraecKHX H3o6pajKeHHÖ, B KOTOpwx Bcer^a oTpaacaeTca xa- 
paKTepHCTHKa He,np 3eMJiH. 

CyTb   MeTOflHKH   3aKJHOHaeTCfl   B   CneiIHaJIH3HpOBaHHOH   MHOrOCTaflHHHOH 
KOMnbKMepHOH o6pa6oTKe HHipopMauHH, coflepxamencH B MaTepnajiax 
^33, c nejibio BbWBJieHHH H aHajiH3a TOH ee nacra, KOTOpa» B CKPWTOH 

4>opMe xapaicrepH3yeT 3eMHbie Heapa. npH STOM Ha KaxaoM OTane Hccjie- 
ÄOBaHHfl ueneranpaBjieHMO Hcnojib3yK>TCfl pa3JiHHHbie npHHHHnbi CHHTM- 

Bamra HH(popMau;HH, coaepacameHca B flaHHbix A33. 
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/. CHCTeMHMH CTpyKTypOMGTpimeCKHH aHZUim KOJIbHCBMX CTpyK- 

ryp. 

Tin nepnoM srane no MeTO/imce K3.H. OnBeHCKoro [1,3,4] npOBOflHTCH 
CHCTeMHMH   aH3JIH3   KOJIbneBMX   CTpyKTyp,      KOHTypW   KOTOpblX   6ojI6e   HJIH 
MeHee neTKo cpHKCHpyioTCfl B aapoKocMH^ecKHX H3o6paxeHHax pa3HMX 
MaciHTaöoB, cneKTpajiB.Hi.ix jiHana30HOB H npHÖopHoro ocHainemra aapo- 
KOCMHHeCKOH CbeMKH. 

OTMeTHM,    *JTO   HapaAY   C    H3BeCTHHMH   paHee   KpynHWMH    KOJIbHeBHMH 
cTpyKTypaMH, pazmycbi KOTOPMX flocraraioT aecHTKOB, coTeH H TMCOT KH- 

jioMeTpoB, B pe3yjibTaTe KOMnbiorepHoro aHajiroa BbiHBjiaroTCii MHOTO^HC- 

jieHHbie Majibie cTpyicrypHbie 4>opMbi c pamaycaMH OT coTeH AO HecKOjibKHx 
eflHHHH MeTpoB. TaKHe KOJibneBbie CTpyKTypw, KaK noKa3ajiH pe3yjibTaTbi 
HaniHX HCCjieflOBaHHH, o6pa30BajiHCb He TOJibKO Ha noBepXHOcTH 3eMJiH H 

flpyrax KocMHMecKHX Ten, HO H Ha pa3jiinHbix rjiy6HHax no« flencTBHeM 
BHyTpeHHHX cHJi, npoHcreKaiomHX H3 rjiyÖHH njiaHeT H 3Be3«. 

TaKHM 06pa30M, MOJKHO rOBOpHTb He TOJibKO O npffllOBepXHOCTHMX, HO H 
o norpe6eHHbix KOJibneBbix cTpyKTypax. 3TO no HOBOMY o6bHcmieT 3HaMH- 
TejibHyio ÄH(p(pepeHHHaHHio Ha He6ojibinnx mioinaaax HHaceHepHO- 
reojiornqecKHX H HHbix CBOHCTB CTpoeHH» reojioraraecKHX TOJIIH, o6pa30Ba- 
HHe 3OH ynjioTHeHHa H pa3ynjioTHeHiw reojiorcrqecKHX nopoa, BO3HHKHO- 

BeHHH 3ajie2ceH Hecpra, ra3a H Äpyrnx nojie3Hbrx HCKonaeMbix,   npoHBjieHHe 
TaKHX OnaCHblX JIBJieHHH, KaK KapCT HJIH COJIH<J)JTIOKHHH. 

TlojieBbiMH HccjieflOBaHHHMH Sbijio noflTBepwieHO, *ITO B pa3Hbix ^lacrax 
Maribix KOJibneBbix (popM Ha6jiK)flaeTC5i 30HajibHoe H3MeHeHHe pejibe(|)a 
3eMHofi noBepxHocTH, ynjioTHeHne HJIH pa3pbixjieHHe no*iB, H3MeHeHHe 
/jpyrax HHXceHepHo-reoMop4>ojiorHHecKHX H reojionraecKHX CBOHCTB   rpyH- 
TOB, paCTHTeJIbHOCTH H T.JJ,. 

Pa3pa6oTaH H onpo6oBaH B pa3jiH^Hbix npHJioitceHHax ajiropHTM, no3BO- 
jiHKffliHH BbWBjiHTb c noMombio MaTepHajioB #33 pa3jiH*iHbie napaMeTpw 
KOJibneBbix CTpyKTyp. 3TOT MeTO# no3BOjraeT BecTH cTpyKrypoMeTpHraecKHH 
CHCTeMHMH aHajiH3 KOJibneBbix o6pa30BaHHH Majioro pa3Mepa (Koropbie Ha 
1-3 nopajJKa MeHbine KOJibneBbix CTpyKTyp, H3BecTHbix H3 reojioraqecKHX 
KjiaccH^HKanHii). Hcnojib30BaHne HHCpopManHH, nojiyqaeMon B pe3yjibTaTe 
KOMnbioTepHoro aHajiH3a aapOKOCMHraecKHX H3o6pa)KeHHH BMCOKOTO npo- 
cTpaHCTBeHHoro H cneKTpajibHoro pa3peiueHHa, no3BOjmeT c BMCOKOH 

TOHHOcTbio (c omn6KOH HOIMH MeHee) onpe^ejiHTb rjiy6HHy 3ajieraHira 
TOpHblX nOpOfl C OCOÖMMH CBOHCTBaMH. 

npHMepoM, HJunocTpHpyioinHM pa6oTy «aHHoro ajiropHTMa, CJIJOKHT reo- 
jioro-reoMopcpojiorHraecKHH anajins TeppHTOpHH HannoHanbHoro napKa 
"JIOCHHMH ocTpoB" Ha yqacTKe npoxoxaeHna nepe3 Hero MOCKOBCKOH 

KOJibneBOH aBTOMo6HjibHoii flopora (MKAfl) [1]- Hcnojib30Bajica aapocbe- 
MOHHMH MaTepnaji B BHfle nncppoBoro (poToruiaHa c pa3pemeHHeM Ha MecT- 
HOCTH 2 M/nKC. AapocbeMKa npoii3Be«eHa 26-28 HIOJIH 1996 r. B Macnrra6e 
1:15 000. 

TTepRQH cTaanen TexHOjioriraecKOH cxeMM cTpyierypoMeTpirqecKoro aHa- 
jiH3a H3o6paaceHHH cjiyaouia oneHKa KanecTBa HCXOäHMX UBeTHbix aapocpo- 
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OparMeHTbi u,n4>poBoro cfxrron/iaHa 
Ha TeppMTopMK) MKAfl B pafioHe jieconapKa 

JlOCUHblM OCTPOB 
( 3e/ieH04yBCTBMTeJlbHb!M C/IOH MaTepwa/lOB UBeTHOM a3p0(|)0T0CteMKM 

26-28 MKWIH1996 r B MacwTaße 1:15 000; ouMc|>poBaHo c pa3peiueHM- 
eM Ha MeCTHOCTM 2 M/riKC) 
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TocHHMKOB. Ha ee ocHOBe fljia nocjie^yiomeH cTpyKTypoMeTpmrecKOH o6pa- 
60TKH       6bUI       BMÖpaH       eflHHCTBeHHWH       flOCTaTO^IHO       HHCpOpMaTHBHblH 
"aejieHbrä" CJIOH (pHC. 1). KpoMe Toro, Ha STOH cia«HH 6MJIO npoBefleHo 
reojioro-reoMopcpojioriraecKoe H3yneHHe Hccjie;ryeMOH TeppnropHH no (poH- 

äOBHM H ÄpyrHM MaTepHanaM. IlpH OTOM aBTopw He pacnojiarajiH #aHHbiMH 
no reojiorKraecKHM CKsaäOiHaM H nojipoÖHbiMH CBeAeHHH o Tonorpa^nn 
AHeBHOH noBepxHocTH, *rro cymecTBeHHo ycjio^HHjio pemeHHe nocraB- 
jieHHon 3aaann reojioro-reoMopcpojiorHHecKoro aHajiH3a. 

y^HTbiBaa 3TO, Ha RTopoft cTajHH HccjieflOBamra 6buia pa3pa6oTaHa cTpa- 
TernH H TexHOJiorna CTpyiaypHOH o6pa6oTKH H3o6pa>KeHHH. IloaTOMy B HC- 

nojib30BaHHyK) JJJI« aHajiroa xopomo royqeHHOH TeppHTOpHH CaTHHCKoro 
yqeÖHoro nojinrona MTY [1] Bepcnio cTpyKTypoMeTpnqecKoro KapTorpacpH- 
poBaHHH pejibe(pa norpeöeHHbix KopeHHbix nopoa no MaTepnajiaM aapo- 
CbeMKH 6bLJIH BHCCeHbl HeoÖXOÄHMbie H3MeHeHH5I. 

CymecTBeHHbie H3M6HeHHH B MeTOÄHKe cTpyKiypoMeTpHHecKoro Kapro- 

rpainpoBaHiw pejibecpa norpe6eHHWx KopeHHbix nopofl Bbi3Bajia Taoce Ha- 
npaBJieHHOcTb HccjieflOBaraia Ha BbunuieHHe o^aroB pa3pymeHH5i KopeHHOro 
cy6cTpaTa, BM3biBaeMbix TeKTOHEraecKHMH nponeccaMH H ycyry6jraeMbix 
aencTBHeM 3K3oreHHbix (paKTOpoB. Taraae aHOMariHH noBbimeHHon npoHH- 
naeMocTH 3eMHon Kopbi (Apo6jieHHH KopeHHoro cy6crpaTa) npoennpyioTCii 
Ha flHeBHyio noBepxHOCTb H npoaBjiinoTca B HeojiHopozjHocTH CTpyKTypbi 
H3o6paxeHHH ee no^BeHHO-pacTHTejibHoro noKpoBa aaace Hnace cpannajib- 

Horo ypOBHH. 
OparMeHTbi nncppoBoro (poToruiaHa o6pa6aTbiBajincb pa3flejibHo no HfleH- 

THHHOH MeTo/iHKe c npHMeHemieM opnrHHajibHbix nporpaMM cTpyKTypHoro 
aHajiH3a H3o6paxeHna. AHajiH3 npoBoznijicii c ncnojib30BaHHeM CKojib35iine- 
ro oKHa 2x2 nKc c peracTpannen Hacrabix 3Ha*ieHHH MomHocTH pwxjibix 
OTJIOaceHHH B Ka»CflOM H3 HHX H nOCJiejiyiOIiniM BbFIHCJieHHeM CpeflHHX 3Ha- 

qeHHH. 
npH BbiaBJieHHH oHaroB apo6jieHH5i KopeHHoro cy6cTpaTa yqHTbiBajracb 

"OKHa",   MaKCHMMJIbHOe   OTKJIOHeHHe   3Ha*ieHHH   MOmHOCTH   B   KOTOpblX   OT 
apncpMeTHraecKoro cpe^Hero He npeBbiniajio ±10%. 3THM o6ecneHHBajiacb 
(popMajibHaa norpeniHocTb onpe^ejieHHO MOHJHOCTH pbixjibix oTjioxeHHH 
±5%. IlpH TaKOM 3HaHeHHH KpHTepHJI OTOpaKOBKH H3MepeHHH Ha TeppHTO- 
pHH oßmeH roioinanbio 16 KM

2
 BbiaBJieHW 2325 onara noBbinieHHOH npoHH- 

HaeMOCTH 3eMHOH Kopw (pHC. 2). 
Ha TpeTbefi cramm 6büia nocTpoeHa HH(ppoBaJi Mo^ejib, xapaKTeproyio- 

maa JiHToreHHoe "KanecTBo" MCCTHOCTH. flajiee no H3MepeHHbiM 3HaneHH- 
HM MomHocTH pbixjibix oTJioaceHHH B onarax apoöjieHHH KopeHHoro cy6- 
CTpaTa Sbuia nocTpoeHa nepBaa Bepcira nn(ppoBOH Moaejra MODJHOCTH pbix- 
jibix  oTJioxceHHH,  jiexamnx  Ha flpeBHeM   norpe6eHHOM  jjeHyaaHHOHHOM 
pejlbe(pe KapÖOHOBblX H3B6CTH5IKOB (pHC. 3). 

OrMeTHM, HTO nepBaa Bepcna — OTO Bcero JIHHII. nepBoe npHÖjiHxeHHe 
HTepannoHHo pemaeMoii 3aflaHH. npHBjieneHHe He Hcnojib30BaHHbrx HaMH 
aaHHbix SypeHHH, OTMCTOK BMCOT äHCBHOH noBepxHocTH H apyrnx CBejje- 
HHH  MOXeT  CymeCTBeHHO   COKpaTHTb HHCJIO  HTepaHHH   H   ÖbICTpee  flOCTHHb 
Tpe6yeMOH TOHHOCTH onpejiejieHHH.  OflHaKo aaxe nepBoe npHOjiHaceHHe 

B.CaflOBHOT[HH H flp- 
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oKa3MBaeTC5i Bnojme scpcpeKTHBHbiM jum HHaceHepHbix reojioro- 
reoMopcpojioriraecKHX BMBO^OB. 

Ha qeTBepTOH craflHH 6buia npoBe/jeHa oueHKa TOHHOCTH H flocTOBepHo- 
CTH nojiyneHHbEX reojioro-reoMop(pojiornqecKHX nocrpoeHHH. EMJI npoBe- 
,aeH aHajiH3 H loiaccHcpHKauHfl "o^aroB" #po6jieHH5i KopeHHoro cy6cTpara, 
BtiflejieHbi coo6mecTBa ozjHHOHHbix "o^aroß" jiHHeHHoro JIHöO apeajibHoro 
THna. 

no cpopMe rpynnoBbix "o*iaroB" öHJIH czjejiaHbi BHBOflbi o cTeneHH asc- 
THBHOCTH JiHHeaMeHTOB, oopasyiomHX reojiormecKHH y3eji. Ha flaHHon 
TeppHTOpHH HaHÖojiee aKTHBHbi npoiieccw flpoojiemi» KopeHHoro cyocTpara 
B cyÖMepHflHaHajibHOM H cy6niHpOTHOM HanpaaneHHax. BTOpoe no 3HaiH- 
MOCTH MecTo 3aHHMaioT npflMoyrojibHbie ceTKH TpeimiH ÄHaroHajibHoro Ha- 
npaBjieHH« c a3HMyroM OKOJIO 45°. 

YKaxceM, HTO npoBeaeHHaa HaMH cTpyKTypHaa o6pa6oTKa MarepHajioB aa- 
potpoTocbeMKH Ha pacnojioxceHHbiii B 6-TH KM K>ro-3ana#Hee paHOH cTaH- 
HHH BejioKaMeHHaa MOCKOBCKOH KOJibneBOH OKpyacHOH acejie3HOH ÄOpora 
BbWBHJia Bcero JIHUIB 15

0
-HMH a3HMyTajibHbift mar c TaKHM ace npeo6jiaaa- 

HHeM aKTHBHOcTH JiHHeaMeHTOB cyÖMepHZHiaHajibHoro H cyÖiHHpoTHoro 3a- 
JIOXeHHH. 

TaKoe 3aKOHOMepHoe yMeHbiueHHe 3HaneHHH a3HMyrajibHoro mara JiH- 
HeaMeHTOB Ha6jno^;aeTC5i npn npH6jiiDKeHHH K reojiorHHecKHM y3JiaM, o6pa- 
30BaHHMM pa3jioMaMH BbicoKoro paHra. IloaTOMy MOXCHO npeflnojioiKHTb, 
HTO B 30He fleHCTBHÄ Taxoro y3jia H npoxo^HT aaHHWH yqacTOK MKAZ1,. 06 
3TOM KocBeHHo cBHfleTejibCTByeT cymecTBeHHaa saöojioneHHocTb npHJie- 
raiomeH K HeMy TeppHTOpHH. 

HeM Bbime paHr y3jia, TeM öojiee rjiyÖHHHwe 3TaacH 3eMHofi Kopw cno- 
CO6HW BjiHÄTb Ha «popMHpoBaHHe ocoÖeHHocTen coBpeMeHHOH reorpacpHHe- 
CKOH cpe^bi. Ho 3THM BepTHKajibHbie cTOjiÖaM noBbiiueHHOH HapynieHHOCTH 
CIUIOIHHOCTH (npOHHHaeMOCTH) 3eMHOH KOpbl K flHeBHOH nOBepXHOCTH JJOC- 
TaBJiaioTca pa3JiHHHoro poaa rjiy6HHHbie pacTBopw H aMamuHH (HanpHMep, 
ra3bi rejiHH H pa/j(OH), He6e3Bpe,zjHbie flji« HejioBenecKoro opraHH3Ma. 

ysjioBbie cTpyKiypbi, npe/jcTaBjiaa coöoö (KaK npaBHjio) flenpeccHBHbie 
o6pa30BaHHH, B pe3yjibTaTe HH4>HJibTpaHHH noBepxHocTHbix Boa aKKyMyjiH- 
pyioT H TpaHcnopTHpyioT Brjiyöb 3eMjiH cMbmaeMbie HMH aHTponoreHHbie 
3arpa3HHTejiH npHpoflHOH cpeabi. npoH3BOflHTejibHocTb Taxoro MaccoÖMeHa 
Kaxc/jcoro reojiornqecKoro yana cTporo onpe^ejieHa npHpo^on. Ho noxa no- 
poroBbie 3HaHeHHa CHJIM BHeuimix B03ÄeficTBHH Ha 3TH "nopw 3eMJIH" 
HayKOH coBepnieHHO He ycraHOBJieHbi. 

no KOMnbKyrepHoft 3Kcnpecc-KapTe MOIUHOCTH pbDüibix OTjioaceHHH (pac. 
3) 6buio cocTaBJieHO npe^cTaBJieHHe o pa^e cymecTBeHHbix ocoöeHHOcTeö 
ÄpeBHero pejibecpa MCCTHOCTH Ha ypoBHe KopeHHoro cy6cTpaTa. OöpamaioT 
BHHMaHHe xopoiuo BbipaaceHHbie fleTajMMH flpeBHero Me3opejibe<pa jiHHea- 
MeHTbi, AeMOHCTpnpyiomHe ojioHHyio Hape3Ky 3eMHOH Kopw, oco6eHHo B 

panoHe nnoHepcKoro jiarepa, pacnojioxeHHoro Ha reojiornqecKOM y3jie, 
c4)opMHpoBaHHOM flByMH pa3jioMaMH, nepeceKaioniHMH MKAfl, noa yrjiaMH 
30° H 60°. 

B.CaÄOBHKHHH H ÄP- 



no Pa3jioMaM 3ajio*eHBi äOJIHHH npewiojiaraeMWX «peBHHX BOZIOTOKOB 

IHHPHHOH oKOjio 200 M H rjiy6HHoS 25-30 M, no TajibBeraM Koxopbix pac- 
nonaraiOTCH 6eccTOHHwe KapcTOBbie KOTJIOBHHW (Ha KapTe OTO - TeMHbie 
rwTHa). XapaicrepHbi ana flaHHoft TeppHTopHH H ocTaHUM (cBerawe IMTHE). 

TOTOO TaKHe xe jiHHeaMeHTbi H (popMW pejibe(pa (oflHaKO MeHbiueH rjiy- 
6HHH: 10-15 M) 6MJIH o6Hapy>KeHbi HaMH paHee B oKpecraocrax craHUHH 

BejioKaMeHHaa MOX/l,. 
YcTaHOBJieHo, HTO pncyHOK cera npe^nojiaraeMbix apeBHHX BOäOTOKOB B 

UejIOM   nOflOÖeH   pHCyHKy   COBpeMCHHblX   BOflOTOKOB,   HO   CMemeH   OTHOCH- 
TejibHO Hero Ha BocTOK-ceBepo-BOCTOK B cpeflHeM Ha 300 M. 3TO OöCTOH- 

TejibCTBO coniacyeTca c H3BecTHbiM npHmninoM Hacjie^oBaHHH coBpeMeH- 

HbiM pejibe<poM flpeBHHM norpeöeHHbix (popM. 
BbWBJieHHbie HaMH, no pesyjibTaraM cTpyKTypoMeTpiwecKoro soHfflHpoBa- 

HHH nOBepXHOCTH  KOpeHHMX HSBeCTHHKOBblX HOpOfl,   OCOÖeHHOCTH  OÖJIHKa 
norpeöeHHoro aeHywiipiOHHoro pejibe(pa He npoTHBopenar HMeromHMC* 
reojioro-reoMop4)ojioriwecKHM npeflCTaBJieHHHM. OHH cjiyacar ^OKasaTejib- 
CTBOM   flOCTOBepHOCTH   nOJiyqeHHblX   KapT   H   B03MOJKHOCTH   OObeKTHBHOTO 
nporHosHpoBaHHH no HHM TeMemiH pafla npHpoflHbix nponeccoB, B TOM 

qncjie H cnpoBonnpoBaHHoro qejioBeKOM xapaKTepa. 
B nejioM paccMarpHBaeMbiH yqacTOK MKAJX B oTHonieHHH ycjioBHH SKC- 

ruiyaTanHH ero HHJKeHepnwx coopyaceHHH, no HameMy MHeHHio, Hejib3» 
oraecTH K pa3p*my Sjiaronojiyrabix. TjiaBHyio onacHocTb npeflCTaßjraioT 
cycp(po3HOHHbie npoca^KH rpyHTOB H BepoOTHbie npoHBJieHHa KapcTa. Ha 
pa6oHHe cBOHCTBa nojioraa aBrocTpaabi Moiyr oKa3HBaTb BJiHHHHe H npo- 
ncxoÄHinHe no TpennraaM B SCMHOH Kope TeKTOHiwecKHe noflBJDKKH ee 
öjioKOB. B p*me MecT IIOJIOTHO aBTOcTpa^bi HcnbiTbiBaeT nocroHHHbie npo- 
ÄOjibHbie HanpaaceHiM paspbiBHoro xapaKTepa. 3TH ytracTKH TpeöyioT no- 
BbimeHHoro BHHMaHH» npoeKTHpoBinHKOB npH peKOHCTpyKHHH MKAfl H 

HHxeHepHbix cjiyx6 aBTOCTpanbi B nponecce ee aKcruiyaTauHH. 
ApyroH He6jiaronpHaTHWH (paicrop cBH3aH c B03MO)KHOCTbK) jioKajibHbix 

npeBbimeHHH 3Ha*ieHHH TIRK Bpe^Hbix pi 3«opoBba nejioBexa rasoBbme- 
jieHHH H3 Heap 36MJIH (B HacTHOCTH, rasa paaoHa), ocoÖeHHo Ha -reppirro- 

PHH  nnoHepcKoro  jiarepa.   3TO   oöcTOOTejibCTBO  TpeöyeT  oGasaTejibHoro 

SMaHaUHOHHOrO OOCJieflOBaHHil MeCTHOCTH. 
KoMnbKrrepHbift cTpyKTypoMexpHHecKHH aHajiH3 KOjibneBbix CTpyKTyp no- 

3BOJiaeT pemaTb MHorae 3afla*ra noncKOBOH reojiorHH, oömeii H HHxeHep- 
HOH reoMoptpojioran, jiaHjijna&roBejifiwm, noHBOBeAemra, reoöoTaHHKH H 

T.Ä- no pesyjibTaTaM flaHHbix HCCjieflOBaHHH MOJKHO npoBOAHTb pa3pa6oTKy 
KOHKpeTHbix Hayrabix peKOMeHflamm HHxeHepHoro, aKOJioriraecKoro H 

HHoro roiaHa aim yqacTKOB 3eMHOH nOBepXHOCTH jioKajibHOH pa3MepHocTH, 
B  TOM  HHCJie  flJIH  OTfleJIbHWX  3HaHHH  H   COOpy>KeHHH,   M3JIWX  4>parMeHTOB 
seMJienojibsoBaHHÖ, He6ojibniHX BOfloeMOB, KOHKpeTHbix yqacTKOB flopox- 

HOH CeTH. 
AHajiH3Hpya H3o6pa>KeHHH Majibix KOjibueBbix (popM,   MOXHO C ÄoeraTCW- 

HOH aeTajibHocTbio ycTaHaBjiHBaTb napaMeTpw 3ajieraHira, MOUIHOCTH H CO- 

CTüBa TOJim pblXJIWX H KOpeHHHX OTJIOJKeHHH,  OnpeflejMTb HX     njIOTHOCTb, 
TeKTOHHiecKyio HJIH HHyro HapynieHHocTb,    flaBaTb nporaos BKJiioHeHHH 

B.CaflOBHHqnä H flp. 



rajibKH, npocjioeK FJIHH, npoMep3aHira rpyHTOB, BonoHacbimeHHocra pwx- 
jibix Tojim, ycTaHaanHBaTb nojioaceHHe ocHOBHbix jiHTOjioraraecKHX pasnejioB 
H T.fl. BbicoKaü TO^HOcTb TaKHX onpe,a;ejieHHH niyÖHHbi 3ajieraHHa KPOBJIH 

KopeHHbix oTjioaceHHH Ha TeppHTopHH CaTHHCKoro yqe6Horo nojinroHa 
Mry 6bna aoica3aHa aaHHMMH ÖypeHiw. 

Taxaa BbicoKaa TOHHOcTb onpeflejieHHO «aeT MHoacecTBO npaKTiraecKHX 
npHJioaceHHH flaHHOH MeTozniKH. npexae Bcero oHa no3BojiaeT BecTH TO- 

norpacpKraecKyio pncoBKy norpe6eHHoro pejibecpa c yqeTOM Bcex ero ycjio»:- 
HeHHH,   BKJIKJ^aH   npOHBJieHIW   OCTaHnOB,   KapCTOBblX   npOBajIOB,   OTBeCHHX 
cTeHOK, rpa6eHOB H T.ä. BwcoKaa TOHHOCTb TaKHX oiipeßejieHHH no3BOjiaeT 
njiaHHpoBaTb innpoKoe npHMeHeHHe «aHHOH MeTOflHKH B HayHHbix Hca/ie- 
flOBaHHJix H Ha npaKTHKe, HanpHMep, npH H3yqeHHH onojoHen, oÖocHOBa- 
HHH CTpOHTeJIbCTBa H 3KCnjryaTaU,HH CKBa5KHH H ÄpyrHX   (B TOM MHCJie noa- 
3eMHbix) coopyaceHHH. 

flaHHaa MeTOflHica TaiQKe acpcpeKTHBHa B nejrax aHajiH3a H nporH03a MHO- 

rormacTOBbix 3ajie]Kefi He(pTH H rasa, KOHTpojrapyeMbix pa3HWMH no rjiy6n- 
He 3ajieraHHfl jiHTOjiorEraecKHMH pa3,a;ejiaMH. IlpH3HaKaMH HX npoHBjieHHü 
6ya;eT a/ryacHTb najiwme Ha ^aHHOH TeppHTopHH H, cooTBeTCTBeHHo Ha Ma- 
TepHajiax flHCTaHUHOHHoro 30HflHpoBaHna, onpeaejieHHbix KOMnjieKcoB 
pa3jiHHHbix no BejnrraHe Mtajibix cTpyKTypHbix cpopM. 

/Jjia noBbinieHHÄ TOHHOCTH H3MepeHHH no aapoKocMHraecKHM MaTepHa- 
jiaM MOJKHO Hcnojib30BaTb KOMÖHHHpoBaHHbin noAxoa, Korfla ^aHHbie pa3- 
pe>KeHHOH ceTH onopHoro Gypemra öyayr ÄonojiHflTbCfl (pororpaMMeTpHqe- 
CKHM aHajIH30M H aKCTpanOJIflEHOHHOH oneHKOH niyÖHH 3ajieraHH» TBep- 
flbix Tojim no Been nccjienyeMon TeppHTopHH. npH Hcnojib30BaHHH mxe 
pa3pe»:eHHOH ceTH reojiornqecKHx cKBaxcHH B KanecTBe onopw c noMombio 
SToro ace MeTojia MOXHO onpe^ejiiiTb pejibetp norpeÖeHHbix oTJioaceHHH 
npaKTHtiecKH c flerajibHOCTbio coBpeMeHHOH TonorpaipHHecKoft KapTbi, floc- 
THraa TOHHOCTH 3-5% OT MOIHHOCTH pbixjiwx oTjioaceHHH. 

2.      BhWBjieHHe pe3oiiaHCHhix lacror H CHCTCMHMH aHajiH3 9JieK- 
TpoMarHHTHoro 

H3JiyieHHM     npHpOftHMX o6l>eKTOB 

BropbiM aranoM KOMiweKCHoro cTpytoypoMeTpHHecKoro aHajiH3a cjiy- 
}KHT BbMBJieHHe pe30HaHCHbIX HaCTOT ajieKTpoMarHHTHoro H3JiyqeHHÄ npH- 
po^Hbix o6i.eKTOB, (pHKcnpyeMoro B MaTepnajiax ÄHCTamiHOHHoro 30HäH- 

poBaHH». KsüKffbiii TaKoö oöteicT HMeeT CBoe cnen.H<pH*iecKoe H3JiyqeHHe, 
*rro aBJiaeTca ero OTJiirraTejibHOH nepTOH. Ho 3TO H3JiyqeHHe MoaceT 6biTb 
ÄOCTaTOHHo 6JIH3KHM no cneicrpy H flpyraM xapaKTepHCTHKaM K H3jiyHemiio 
Apyrax aHajiorHHHbix oöbeKTOB flaHHoro THna H BH^a. Ha STOM ocHOBaHHH 
HanaTa pa6oTa no co3flaHHK) KapTOTeK H3JiyHeHHH pa3jiHHHbix oöieicroB H 

ycTaHOBJieHa B03MoacHOCTb Hcnojib30BaHHH HiHpoKoro KJiacca MeTO^oB pac- 
no3HaßaHHH oöpasoB JUIH pemeHHM pasjiH^mbix HayHHbix H npHKJiaziHbix 3a- 
ÄaM. 

3aa;aHa HccjieflOBaHHH COCTOHT B ycTaHOBjieHHH Hanöojiee HH4)opMaTHB- 
Hbix pe30HaHCHbix nacTOT, xapaKTepHbix jyisi aHajiH3HpyeMoro oöbeKTa, H 

B.CaflOBHHqHH H flp. 



H3y*ieHHH   HX   npOCTpaHCTBCHHOrO   H   BpeMeHHOrO   H3MeHeHHfl.   IlpH   3TOM, 
c^HTbiBaTbCM Moryr He TOJibKo TeKymne xapaKTepHCTHKH, cooTBeTCTByiomHe 
MOM6Hiy c-beMKH, HO H ocpeflHeHHbie BejiHHHHH, HanpHMep, cpeÄHeMecsra- 
Hbie HJIH cpeAHeroflOBbie; peTpocneKTHBHbie COCTOHHIM, cooTBeTCTByiomHe 
npouie^niHM BpeMeHHMM MOMemaM H HHTepBanaM, a Tatace nporao3Hbie 
oneHKH oxnaaeMoro pasBHTHH COÖMTHH B SynymeM. 

npeaMeTOM Hccjie^oBaHEifl Moryr cjiyacHTb KaK OTflejibHbie nacTHbie Xa- 
paKTepHCTHKH aHa.TH3HpyeMbIX OÖbeKTOB, TaK H HX CHCTeMHbie COBOKynHO- 
CTH. K npHMepy, /raHHbrii MeTOfl Hcnojib30Bajica aBTopaMH Ha npHMepe BM- 

HBJieHHfl H KapTOrpa4)HpOBaHHH CHCTeMHOH CHHTeTEFieCKOH XapaKTepHCTH- 
KH - cTeneHH HanpiDKeHHOcTH smjiormecKOH o6cTaHOBKH aw pa3jiHHHbix 
TeppHTOpHH. B 3TOM CJiy^ae XapaKTepHCTHKH, C MaTOpHaJIOB flHCTaHHHOH- 
HOrO 30HflHpOBaHIM, COBMeiHaiOTCil CO MHOrHMH flpyTHMH KapTorpacpHrae- 
CKHMH, CTaTHCTH^eCKHMH H HHblMH flaHHMMH. 

K npHMepy, äJIH TeppmopHH HoraHCKoro panoHa MOCKOBCKOH o6jiacTH 
B 1994 r. 6HJIO npoBe/jeHO HccjieflOBaHHe HanpSDKeHHOCTH coBpeMeHHOH 
aKOJIOTHHeCKOH OÖCTaHOBKH,  ee    pCTpOCneKTHBHOrO H3MeHeHHÄ, HaHHHa« c 
1900 r., H aaHa nporaosHa« oneHKa COCTOHHHH Ha 2000 r. npH STOM yra- 
THBajica ypoBeHb ocBoeHHocTH H 3acejieHHOCTH TeppHTOpHH paiioHa, pa3- 
BHTHe npoMbinuieHHocTH, TpaHcnopTa, cejibCKoro xo3«HCTBa H flpyrnx OT- 

paCJieH 3KOHOMHKH H CCpepbl o6cjiy)KHBaHHH H HX BJHWHHe Ha HanpfDKeH- 
HOCTb SKOJIOrHMeCKOH OÖCTaHOBKH. 

B pacneT TaKace npHHHMajicji ypoBeHb aHTponoreHHoro H3MeHeHEW H 3a- 
rp>£3HeHHfl: KOMnoneHTOB jiaHmuacpTa, B TOM racjie arMoccpepHoro B03,nyxa, 
noBepxHocTHbix H nofl36MHbix BOA, no^BeHHoro H pacTHTejibHoro noKpoBa. 
KpoMe Toro, B aHajiH3 BKJironanHCb caHHTapHO-snHfleMHOJioriiHecKHe xa- 
paKTepHCTHKH  TeppHTOpHH,   yqHTHBaH  3a6ojieBaeMocTb   HacejieHHH   H   ee 
npHpOÄHyiO, COHHajIbHO-SKOHOMHHeCKyiO HJIH SKOJIOTHMeCKyiO OÖyCJIOB- 
JieHHOCTb. 

QrMeTHM. HTO oömne xapaKTepHCTHKH HanpaaceHHocra sKOiioraraecKOH 
o6cTaHOBKH He Moryr 6bm> nojiyqeHbi nyreM npocToro cyMMHpoBaHira na- 
cTHbix noKa3aTejieH, HanpHMep, BejiHHHH 3arpfl3Hemra KOMnoHeHTOB cpe- 
ÄW, TaK KaK cyMMa TaKHX BejinraH He OTpaacaeT MexaHH3Ma H pe3yjibTaTOB 
peajibHbix B3aHMOfleficTBHH, Ha6jiK>ÄaeMbix B rayqaeMOM TeppHTopnajibHOM 
npHpoflHO-xo3HHCTBeHHOM KOMmieKce. 

npexcae Bcero jyw nojiyHeHH» HHTerpajibHbix oneHOK c noMombio %e- 
iuH<ppHpOBaHHa flaHHbix #33 ÄOJDKHM 6biTb ycTaHOBJieHO nepBOHawibHoe 
cocTOKHHe npHpoßHbix KOMnjieKcoB, KOTOpoe 6bUio flo Hanajia xo3HHCTBeH- 
Horo ocBoeHHH TeppHTOpHH. 3areM npocjiejKHBaeTca cTeneHb aHTponoreHH- 
Horo H npHpoflHoro H3MeHefflia npeacHHX npnpoflHbix KOMnjieKcoB (BKJIIO- 

HMI MHoroo6pa3He BHHOB ^ejioBenecKOH fleaTejibHocTH, pa3Hoo6pa3He cpopM 
Hcnojib30BaHHü 3eMejib H T.,H.) H MHoroo6pa3He peaKHHH npHpoflHoii cpe^bi 
Ha aHTponoreHHbie  B03fleHCTBHfl. 

B pe3yjibTaTe npoBe/jeHHbix HccjieflOBaHHH Ha TeppHTOpmo HoraHCKoro 
panoHa 6buia cocTaa/ieHa cepua sKcnepHMeHTajibHMx pa3HOMaciHTa6Hbix 
KapT   HHTerpajIbHOH   OHeHKH   HanpJDKeHHOCTH   SKOJIOrHHeCKOH   o6cTaHOBKH 
Ha   TeppHTOpHH panoHa c HcnojibioBaHHeM 10-6ajuibHOH HiKajiw. 3a Hyjib 
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öajijioB npHHHMajicfl HaH6ojiee öjiaronpHHTHbiö B sKOjioraraecKOM oTHoiue- 
HHH ypOBeHb COCTOJfflHJI  npHpOHHOH  Cpeflbl  (K HeMy npH6jlIOfCaiOTC5I  MHO- 
rae npHpo^Hwe KOMiuieKCbi, He HcnbrraBnme aHTponoreHHoro H3MeHeHHü). 
3a 10 ÖajiJiOB npHHHMajica MaKCHMajibHbiH ypOBeHb HanpJDKeHHOCTH SKO- 

jiormecKoö oÖCTaHOBKH, npH KOTopoM acH3HeAeHTejibHocTb HejioBeKa He- 
B03MoacHa (HanpHMep, 3ona MaKCHMajibHoro pazmoaicraBHoro 3arpa3HeHH», 
3KOJion«ecKaii oßcTaHOBKa B ^cepjie ßeöcTByiomero ByjiKaHa H T.ä.). 

OßteKTHBHocTb 3THX KapT 6buia npoßepeHa nocjie,nyiomHMH nojieBbiMH 
aHajiH3aMH 3arp«3HeHira IIOHB, arMoc(pepHoro B03,oyxa, noßepXHOCTHbix H 

no#3eMHbix BOA. EMJIH ycTaHOJ3JieHbi yqacTKH KPEBHCHOH sKOjiorERecKOH 
cHTyaiiHH, MaTepHajibi royieHHa KOTOpbix 6buiH nepe^aHbi B a#MHHHCTpa- 
miK) paHOHa, npaBHTejIbCTBO MOCKOBCKOH o6jiaCTH H MHHSKOJIOrHH Poc- 

CHH. 
OTMeTHM, MTO Ha Kapiax pa3Hbix MacniTaÖOB 6WJIH BMHBJieHbi COTHH 

KOJIbHeBblX CTpyKTyp C 30HajIbHO-BOJIHOBbIM XapaKTepOM KOJieÖaHHH Ha- 
npffiKeHHOCTH    3KOJIOriWeCKOH    OÖCTaHOBKH.    HajIHMHe    TaKHX    KOJIbUeBMX 
crpyicryp no^TBepaHJio ßojibiiiyiö pojib nponeccoB, npoTeKaiomnx B reojio- 
rEraecKOH cpefle, B (popMHpoBanHH HanpaaceHHocTH SKOjiortrqecKoii o6cTa- 
HOBKH  H HeoÖxoÄHMOCTb HX npHCTajibHoro H3yqeHH5i H yqeTa. 

OnTHMajibHbiM 6bui npH3HaH noflxoa, B KOTOPOM nepBWM 3TanoM CHC- 

TeMHoro KOMnbKDTepHoro ,n,eim«ppHpoBaHHfl[ CJIJOKHJI H3jioaceHHbifi Bbnue 
cTpyKTypoMeTpEraecKHH aHajiH3 KOJibneBbix CTpyKTyp. üpn TaKOM noflxo#e 
BbWBJieHHe  pe30HaHCHbIX  HaCTOT  SJieKTpOMarHHTHOrO   H3JiyHeHHH   npHpoa- 
Hbix o6"beKTOB, cpHKCHpyeMoro B MaTepHajiax ancTaHUHOHHoro 30HAHpoßa- 
HHH, no3BOJiaeT yroqHHTh H flonojirarrb pe3yjibTaTbi msy^emvi KOJibneBbix 
cTpyioyp. 

TaKaa KOMiuieKCHaü MeTOflHKR 6buia onpo6oßaHa Ha npHMepe co3flaHna 
no MaTepHajiaM aspOKOCMirqecKOH cbeMKH KapT nporao3a 3ajie>KeH Hec[)TH 
H ra3a, MeTajunraecKHX H ßpyrnx nojie3Hbix HCKonaeMbix B pa3Hbix paöoHax 
3eMHH. 3TH pa6oTbi npoBomuracb B Tpn cTa^HH, Ha KaaqjoH H3 KOTopbrx 
ocymecTBJiflJiocb yToraeHHe H ÄerajiH3aHH5i H3MepeHHH HCCJie^yeMbix na- 
paMeTpoß. npoH^JiiocTpHpyeM xofl pa6oT Ha npHMepe xapaKTepHCTHKH 3a- 
jieaceö pyu; *iepHbix, HBeTHbix H Öjraropo/iHbix MeTajiJioB. 

Ha npenBapHTejibHOH cTanHH HCCjie^oBaHHH ocymecTBjraeTCfl MejiKOMac- 
uiTaÖHbiH nporH03 H npe^BapHrejibHoe peraoHajibHoe KapTorpacJ3HpoBaHHe 
Hccjie^yeMbix TeppHTOpHH c nejibio BbiHBJieHHH H npoMbiuijieHHOH oneHKH 
3ajre)KeH MeTajiJiiraecKHX pya. HCXO^HMMH flaHHHMH npn STOM cjiyxaT: cpo- 
Torpa4>HHecKHe, cKaHepHbie H HHbie KocMHHecKHe CHHMKH (nepHo-Öejibie, 
HBeTHbie, cneKipo30HajibHbie H T.ä.), HanpHMep, nojiy^eHHbie c noMombio 
annapaTypbi MCY-CK, ciTyTHHKa "Pecypc-0" [5-7], a TaioKe oönjereorpa- 
(piraecKHe H reojioraraecKHe KapTbi B Macnrraöe 1: 200 000 —1:1 000 000. 

Ha 3TOH cTaflHH npoBOflHTca: 
1. OÖmaa oneHKa nepcneKTHB MeTajijioHOCHOCTH paccMaTpHBaeMoö 

TeppHTOpHH c npeflBapHTejibHOH xapaKTepHCTHKOH oÖineft BejiiwHHbi npo- 
rH03Hbix 3anacoB pyabi (ujin. T) H MeTajiJioB (TMC. T. Kaacgoro MeTajijia B 

PYfle). 
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2. nporao3    nepcneKTHBHMX naomaaeö 3aaeraHHü pya MeTaaaoB 
(nepßaa urepamui) c xapaKTepHCTHKOH no Kaxaon naoinaan: 

- o6i>eMOB 3anacoB pyan (MJIH. T) H MeTajiJioB (THC. T Kaacaoro Me- 

Tanjia B pyae); u 
- rjryÖHHbi 3ajieraHHa (oTHOCHTeabHOH H aÖcoaioTHOH) KpoBjin pya- 

Hbix Teji (M); 
- UIHpHHbl, WlHHbl H MOIUHOCTH pyOHblX Teji (M); 

- coAepacaHH« MeTajuioB B pyaHOM Tejie (%). 
Ha_CTOflHH JUffleH3HpOBaHHSMaaCTKQB_npOH3BOflHTCfl yTOTOeHHe H ae- 

TajiH3amw «aHHbix npeabiayineii cTaatffl aHajrasa AJIH Han6oaee nepcneK- 
THBHWX  H3  BbWBJICHHblX  IiponKWHHX y^aCTKOB  SajieraHHH  MeTajIJTHHeCKHX 
pya. Hcxo^HbiMH flaHHbiMH npH 3TOM cayscar: (poTorpa4)iwecKHe, cKaHep- 
Hbie H HHbie aapoKOCMOTecKHe CHHMKH (HepHO-6eawe, UBerabie, cneinpo- 
soHajibHbie H T.ä.)I nojiyqaeMbie c noMOinbio annapaiypw MCY-9, cnyrHH- 
Ka "Pecypc-0" H ap. [5-7], Tonorpa(piwecKHe H reoaoraHecKne KapTbi B 

MaciirraÖe 1: 50 000 - 1: 100 000. 
Ha 3TOH CTaami npoBOflHTca BTopaa HTepamra: npomo3HOH oueHKH 

saaexen pya MeTajuioB c xapaKTepHCTHKOH: 
- KOopAHHaT rpamm   yqacTKOB 3ajieraHHfl pya c npoMbiiuaeHHbiM 

coflepxaHHeM MeTaiuioB; 
- oöbeMOB 3anacoB pyaw (MJIH. T) H MeTajuioB (TMC. T Kaagioro Me- 

TajiJia B pyae); „ 
- rjiyÖHHbi 3ajieraHiM (oraocHTejibHOH H abcoaioTHOH) KpoBJiH pya- 

Hbix Tea (M); 
- ninpHHbi, AJIHHM H MOIUHOCTH pyaHbix Teji (M); 

- coaepiKaHiui MeTajuioB B pyflHOM Tejie (%); 
- KaqecTBa pyflHoro cwpb« (coaepacarara B % noji63Hbix H BpeaHbix 

npHMeceft). 
Hg^rraTTHM npoBeaeHHii aeTaabHHX pa3BeaoqtibiXjBa6oT yroqmiioTCH 

yqacxKH npoBeaerora nepBoo^epeaHbix noaeBbix onpo6biBamffl, nporao3H- 
pyioTCH MecTa Sypemra, 3aKaaaKH inaxTHbix cTBoaoB H T.n. HcxoaHbiMH 
aaHHbiMH npH 3TOM cayacar (poTorpacpHraecKHe, cKanepHbie H HHbie aapo- 
CHHMKH (^epHo-6eawe, UBerabie, cneKTpo30HajibHbie H T.fl.), HanpHMep, 
noayiaeMbie c noMOinbio annapaTypw MK-4, K®A-1000, cnyrHHKa 
"Pecypc-O" [8-9], TonorpacpHHecKHe H reojiorirqecKHe KapTbi B Macmraöe 
1: 5 000 - 1: 10 000. 

Ha 3TOH  CTaaHH  IIpOBOaHTCfl TpeTbH  HTepaUHJI  nporaOSHOH  OH6HKH 
pyaHbix Tea H 6aoKOB c xapaKTepHCTHKOH: 

- yroHHeHHbix KoopaHHaT rpaHHn   npoMbiinaeHHbix saaeaceft no Ka- 

»caoMy Tejiy (6jioKy); 
- oöbeMOB 3anacoB pyabi (MJIH. T)   H MeTajiaoB (THC. T Ka>Kaoro Me- 

TajiJia B pyae); „ 
- rayÖHHbi 3aaeramra (oraocHTeabHOH H abcoaioTHOH) KpoBan pya- 

Hbix Tea (M); 
- nrapHHbi, aanHbi H MOIUHOCTH pyaHbix Tea (M); 

- coaepacaHHa MeTajiaoB B pyaHOM Teae (%); 
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-. KanecTBa pynnoro cwpbü (coflepacaHHü B % nojie3Hbix H BpeflHbix 
npHineceö). 

KpoMe Toro, Ha flaHHofi cxaflHH Bbinojnraexcfl xapaKxepncxHKa SKOJIO- 

ro-reo<pH3HH!ecKHX ycjioBHÜ yqacxKOB 3ajieraHHa pya MeTajuioB (c yqexoM 
BJIHAHHA pa3JioMOB H reonaToreHHbix cTpyicryp, Hajinnna jioicajibHOH ceöc- 
MHHHOCTH, reOXHMHHeCKHX aHOMajTHH H ap.) 

OCO6HH cjiynao npeacxaBjraex aopa3Bea;Ka 3KcruryaxHpoBaBiifflxcii 
MecTopoafcaeHHH, aJM KOTOpwx HMeioTCH flaHHbie paHee BbinojiHeHHbix 06- 
cjie^oBaHHH. HeoGxoanMocxb npoBeaeHH» HccjieaoBaxejibCKHX pa6ox Ha xa- 
KHX MecTopoaKaeHHax B03HHKaex B cjiyqae nporH03HpoBaHira HOBWX, paHee 
He H3BecTHbix 3ajie:*:eH pya MexajiJioB. 

HcxoaHbie aamibie Ha cxaann aopa3BeaKH npeacxaBjraiox: (poxorpa- 
(pHHecKHe, cKaHepHbie H HHbie aspocHHMKH KOCMiwecKHe CHHMKH, nojiy- 
MaeMbie c noMonibio annapaTypw cnyrHHKa "Pecypc-Cp" H ap- [8-9] (nep- 
HO-6ejibie, HBeTHbie, cneKTpo30HajibHbie H x.a-)> xonorpacpHHecKHe H rop- 
HO-reojioriMecKHe KapTbi H luiaHbi B MacuiTa6e 1: 5 000 H KpynHee. 

Ha 3XOH CTa^HH npOBOaHTCii: 
1. nporH03Haji oijeHKa BOSMOüCHOCXH oÖHapyaceHHa HOBbix pyaHbix 

xeji H 6jioKOB (Ha caMOM 3KcnjiyaTHpoBaBineMC5i MecxopascaemiH HJIH 

B6JIH3H ero) c xapaKTepHCTHKon: 
- KoopznraaT rpaHHH HOBHX npoMbiuuieHHbix saneaceii no tca>KaoMy 

Tejiy (6jioKy); 
- o6i>eMOB 3anacoB pyobi (MJIH. T) H MeTajuioB (TWC. T Ka^aoro Me- 

xajuia B pyae); 
- rjiy6HHbi 3ajieraHHH (oxHocnxejibHoii H aÖcojHoxHoii) KpoBJiH pya- 

Hbix Teji (M); 

- UIHpHHbl, flJIHHbl H MOIIJHQCXH pyflHWX Teji (M); 

- coflepacaHHa MeTajuioB B pyaHOM Tejie (%); 
- KanecTBa pyaHoro cwpbü (coaepacamw B % nojie3Hbix H BpeaHbix 

npHMeceft). 
2. XapaKTepncTHKa 3Kojioro-reo<pH3HraecKHX ycjioBHH HOBWX ynacx- 

KOB 3ajieraHHa pya MexajiJioB (c ynexoM BJIHHHH» pa3jioMOB H reonaxoreH- 
HblX CTpyKTyp, HajIHHHH JIOKajIbHOH CeHCMIMHOCTH, reOXHMHHeCKHX aHOMa- 
JIHH H flp.) 

TTpHBeaeHHaa cxeMa KOMnbioxepHoro aeniHtppHpoBaHHH aaHHbix #33 AB- 

jiaeTCü flOBOjibHo yHHBepcajibHofi. K npHMepy, oHa coxpamuia CBOH nepxw 
npn nporao3HOM HccjieaoBaHHH sajieaceö Hetpxn H ra3a B pa3Hbix pafioHax 
3eMHoro mapa. B cooTBexcTBHH co cxaaHeü aHajrasa a>ra Hecpxe- H ra3o- 
HocHbDf miacTOB ycTanaB.nHBajiHCb nporH03Haa MoiuHocxb npoayKXHBHbix 
ruiacTOB, coflepacaHHe B HHX He<pxH H ra3a, KanecxBeHHbie H KOjiiraecxBeH- 
Hbie napaMeTpw yrjieBoaopoaHoro cbipb«. 

Ha nepBoft, HaqajibHoä cxaaHH npH SXOM ocyiu,ecTBjwjrcH MejiKOMac- 
niTa6HbiH nporH03 H npeaBapHxejibHoe peraoHajibHoe KapxorpacpHpoBamie 
Hccjie^yeMbix xeppHxopnii c nejibro BbiaBJieHHH H npoMbinuieHHOH oueHKH 
3ajie>KeH HecpXH H ra3a. 

Ha BTOpoii cxaaHH npoBoamiocb cpeaHeMacuxraÖHoe nporao3Ho- 
oneHOTHoe KapTorpatpHpoBaHHe pafioHOB npeflnojiaraeMOH KOHiieHTpaHHH 
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npoMMiiLJieHHMX 3ajieJKeii HecpTM H ra3a H ycTaHOBjieHHe OCHOBHWX KOJIH- 

HecTBeHHbix xapaKTepucTHK 3THX 3ajie3ceii. 
Ha TpeTbeii cTamra ocymecTBJWJica nepexoA K KpynHOMacnrra6HOMy aira- 

jiH3y aapoKOCMiPiecKHX CHHMKOB BMCOKOIX) pa3penieHHfl Ha TeppHTopHH 
nporao3HpyeMoro 3ajreraHHfl Hanöojiee KpynHtix He(pTera30Bbix cTpyKiyp, 
cocTaBjieHHio KapT nporao3HOH HJIOTHOCTH 3anacoB yraeBOAopoAHoro CM- 

pbH H reojiorHHecKHX pa3pe30B, oTpa>KaiomHX rjiy6HHbi 3ajieraHHH HecpTH H 

ra3a, BkjnoHa« npoMWiiuieHHbie H HenpoMbiimieHHbie ruiacTbi H iuiacTM c 
HecpTe- H ra3onpo«BjieHHHMH. 

Ha nocjieflyiomHX, 3aBepiuaromnx cTazpwx paöoT no AaHHbiM aapoKocMH- 
qecKOH cbeMKH onpe^ejiaioTca peKOMeHAyeMbie MecTa 3ajio3ceHHa He<pT5i- 
HblX H ra30BMX CKBaXHH,  CJIOJKHOCTb yCJIOBHH 6ypeHHM no BepTHKajIbHOMy 
npocpHJiio, ropHO-reojioranecKHe xapaKTepHCTHKH He<pTe- H ra30H0CHbix 
ruiacTOB, a TaKxe npoH3BOAHTC5i onemca aKOjiormecKHX H HHDKeHepHbix 
ycjioBHH npoeKTHpoBaHHH, cTpoHTejibCTBa H 3KcnjiyaTanHH cKBaacHH, npo- 
KJiaflKH Tpy6onpoBOflOB H AP- 

3.      Pe3yjibTaTH H nepcneKTHBH. 

MO)KHO c^ejiaTb O6IHHH BMBOA, HTO B coBOKynHocTH 06a H3JioaceHHbix 
Bbinie noAXOAa no3BOjraioT BbMBHTb H no-HOBOMy o6biicHHTb 3Ha*mTejibHyio 
aHtpcpepeHHHauHio nroiceHepHO-reojioranecKHX H HHMX CBOHCTB cTpoeHHH 
3eMHOH   KOpbl,    BlOTKWafl    nOJIOaceHHe   30H   yiUIOTHeHHH    H   pa3yiIJIOTHeHIM 
ocaAOHHbix reojiornqecKHX nopoA, 3ajieaceö HecpTH, ra3a H Apyrnx nojie3Hbix 
HCKonaeMbix, npoaBJieHHe TaKHX onacHbix HBJICHHH KBK KapcT, cojracpjnoK- 
UHÜ, OnOJI3HH H T.A- 

Hcnojib3yM AaHHyio MeTOAHKy yace Ha OTane npoeKTHbix pa6oT noirejraeT- 
ca B03M0XH0CTb 6ojiee oöocHOBaHo BbiÖHpaTb MecTa 3ajioaceHna Kompojib- 
HO-pa3BeAOHHbix H npoMbinuieHHbix 6ypoBbix CKBaacHH c yqeTOM MHHHMH- 

3aHHH ymepöa npnpoAHOH cpefle, jiyqinnx noKa3arejieH reocpH3HHecKHX no- 

jieft a T.A- 
npeABapHTejibHbie anpo6auHH MeTOAa noKa3ajra, HTO KanecTBO H Kojime- 

CTBO BMAeJieHHbix KOJibneBbix cTpyioyp, xapaKTepHCTHKH cocTaBa ropHbix 
nopoA, rjiyÖHHHoro npocpjuw sajieraHHfl nojie3Hbix HCKonaeMbix H Apyrnx 
napaMeTpoB, cymecTBemio 3aBHCHT OT npocTpaHCTBeHHoro pa3peuieHHa H 

KojiHHecTBa cneKTpajibHbix 30H H AHana30HOB, Hcnojib3yeMbix AJHI aHajiH3a 
KocMH^ecKOH HHCpopMaHHH. YjiyHineHHe npocTpaHCTBeHHoro H cneKTpajib- 
Horo pa3peiueHHH o6ecneHHBaeT BbMBJiemie 6ojiee TOHKHX CTpyKiyp, a, 
cjieAOBarejibHo, noBbimaer KaK KanecTBo nporao3a, TaK H ero AOCTOBep- 
HOCTb. 

YHHKaJIbHOCTb MeTOAHKH 3aKJIK)HaeTCfl B TOM, HTO C OAHOH CTOpOHbl OHa 
He HMeeT MHpoBbix aHajioroB, a c Apyron CTOpoHbi, no CBOHM aKOHOMHHe- 
CKHM noKa3aTejMM OHa Ha HecKOJibKo nopHAKOB 3(p(peKTHBHee Bcex cyme- 
cTByiomHX MeTOAOB, Hcnojib3yK>m,HX rpaBHTanHOHHyio, ceHCMHHecKyio H 

MarHHTHyio pa3BeAKy, a Taicace iioncKOBoe oypemie. 
Hcnojib3ya cpaicraqecKH TOjibKo AaHHbie #33 j&xß Ha HensBecTHyio 

(npeAsapHTejibHo HeroyqeHHyio) TeppHTOpHio, rorrepecyiomyio 3aKa3HHKa, 
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MCOKHo BecbMa onepaTHBHO jjaTb nporH03 HajiHHHfl rioTeHHHajibHbix pecyp- 
COB HecpTH, ra3a HJIH flpyrax no.Jie3Hbix HCKonaeMbix, oneHHTb o&beMbi, 
rjiyÖHHy 3ajieraHHH H flpyrae napaMeTpw MecTopo^eHHH nojie3Hbix HCKO- 

naeMbix, BKJiKwaa cjiojKHocTb ycjioBHH Sypemra no BepTHKajibHOMy npocpn- 
JIK). KpoMe Toro, oco6yio 3Ha^HMOCTb npHo6peTaeT peKOMemiyeMoe pa3Me- 
meHHe 6ypoBbix cKBaacHH, onpeflejmeMoe c yqeTOM HiraceHepHO- 
reojioraraecKHX, HHaceHepHO-reoMopcpojiorwiecKHX        H SKOjioro- 
reo^)H3nqecKHx napaMeTpoB yqacTKa (c yqeTOM BJIHHHHH pa3jioMOB H reona- 
ToreHHbix cTpyicryp, HajiHHua jioKajibHofi ceHCMHHHOcra, reoxHMHHecKHX 
aHOMajIHH H flp.). 

HcKJiiOTHTejibHo BaxcHO, 4TO 3TH oueHKH H nporno3bi MOJKHO nonyqaTb 
He Bbie3xaH Ha MecTHocTb jym npoBefleHiM nojieBbix HccjieflOBaHHH H He 
npHÖeraa K pa3Be,n;OTHOMy 6ypeHmo cKBaxHH, HHCTpyMeHTajibHOMy reoxn- 
MHHecKOMy aHajiEsy, ceöcMHHecKOMy HJIH HHOMy reo(pH3HHecKOMy 3OH/JEH- 

poBamno. TeM caMbiM SHaraTejibHO yMeHbUiaiorcfl cpoKH npoBefleHHH HC- 

cjieflOBaHHH oöbeKTOB ropHofi npoMbiuiJieHHocTH, HCKjiiOTaioTCJi cjiyqan 3a- 
rpH3HeHHü OKpyacaiomeo cpe/Jbi, coKpamaioTca pacxo/j;bi, CBsraaHHbie c pa3- 
Bejjp^HblMH paÖOTaMH. 

npeflJiaraeMWH MeToa oÖHappKeHH» HecpTera30Bbix MecTopoameHHH H 3a- 
jieacefi .npyrnx nojie3Hbix HCKonaeMbix, aBJUwcb ajibTepHaraBOH Ha3eMHHM 
MeTozjaM, npoBoziJimHMCii Ha MCCTHOCTH Ha 6a3e KOMiuieKca reojioropa3Be- 
flOHHbix pa6oT, 3Ha^HTejibHo 6o.rcee aKOHOMHMeH. Taic pasBejjKa yqacTKa 3a- 

jieramra HecpTH H ra3a iuiomaabio 25 KM^ o6bFmo TpeßyeT flo 30 pa3Be,aoq- 
HblX CKBaXCHH o6lHeH CTOMMOCTbK) 50-60 MJIH. flojuiapoB, B TO BpeMJI KaK 
3aTpaTbi Ha pa3Bezi;Ky xoro ace yqacTKa npezviaraeMbiM MeTOßOM Ha OAHH- 

jj[Ba nop»flKa MeHbiue. OTMCTHM, HTO paccMorpeHHaii MeTOßHKa anpo6npo- 
BaHa H noflroTOBjieHa JJJDI pemeHira npoH3BOflCTBeHHbix 3ajnan. 

OCO6CHHO HeHHO, HTO 6e3 npoBeaeHHa nojieBbix H pa3BeflOHHbix pa6oT Ha 
MecTHocTH MOJKHO 3apaHee onpeflejiHTb TaKHe BaacHbie napaMeTpbi KaK 3a- 
nacbi cbipbfl, rjiyÖHHbi 3ajieraHHH HecpTH H ra3a fljra npoMMiujieHHbix H He- 
npoMbiHUieHHbix njiacTOB, roioTHocTb nopojj-KOJuieKTOpoB H Apyrae flaH- 
Hbie, HeoSxozniMbie JJJM aicoHOMJwecKOH oneHKH acpcpeKTHBHOCTH aKcrurya- 
TaHHH flaHHoro MecTopoaczieHH«. 

HeoöxoflHMo noOTepKHyib eme O^HO nojioaarrejibHoe KanecTBO MeTojjH- 
KH: K HacToameMy BPCMCHH oHa yace 3Ha*iHTejibHo npoflBHHyTa B cBoen 
pa3pa6oTKe H nponuia jjpcTaTOHHo cepbe3Hyio anpo6aHHK> Ha npHMepe pa^a 
TeppHTOpHH    POCCHH    (MoCKBa   H    ÜOÄMOCKOBbe,    KajIHHHHipaflCKaH    06- 
jiacTb), BocTOHHoro KasaxcTaHa, CILIA, KaHaabi H ap. 

Ilo 3aKa3y pa^a OTe^ecTBeHHbix H 3apy6exHbix KOMnaHHH 6buio npoBe^e- 
HO aeTajibHoe nporH03Hoe KapTorpa4)HpoBaHHe HHTepecyioiHHx HX TeppHTo- 
pHH, noflTBepaHBinee y»ce o6Hapy»:eHHbie 3ajieacH H BbiHBHBiuee HOBbie yqa- 
CTKH H ropH30HTbi 3ajieraHHa HecpTH, 30jioTa H flpyrax pya H MHHepajioB. 

BopTOBOH  reojioropa3BeaoHHMH cneKTpoMeTpH^recKHH KOMnjieKc. 
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Hajiirrae öojibinoro noTeHUHajibHoro pwHKa 3aKa3HHKOB Ha pe3yjibTaTM 
cneuHajiH3HpoBaHHOH KOMnbioxepHOH oöpaöoTKH «aHHbix «33, npeagie 
Bcero npoÄyioiHH reojioropasBe^oHHOH KOCMOTecKoii HH<popManHH, nosBo- 
jweT o6paTHTb ocoöoe BHHMaHHe Ha nojiyqeHHe #aHHbix «33, nojiHocTbio 
oTBeqaiomHX TpeooBaHHHM onncaHHoro Bbiine MeTOfla cTpyKiypoMeTpme- 

cKoro aHajiH3a. 
npopaöoTKa OToro Bonpoca noKa3ajia, HTO äJW OTHX Hejieft HCOOXOäHMO 

coamainre cneuHajiH3HpoBa.HHbix annapaTypHbix BbicoKOKanecTBeHHbix cte- 
MO^HMX H  6bICTpOÄeÖCTByK>mHX o6pa6aTbIBaK>IiniX  KOMIIJieKCOB,   OpHeHTH- 
poBaHHbix Ha HcnojibsoBaHHe npezyiaraeMOH M6TOäHKH crpyKTypoMeTpHHe- 

cKoro aHajiH3a. 
CpaBHHBaJI B03MO>KHOCTO HCnOJIb30BaHHfl flaHHblX aSpOCbeMKH H KOCMH- 

necKOH cbeMKH, caeJiaH BWBOfl., HTO npeflJiaraeMaa MeTOflHKa oöecne^HT 
CymeCTBeHHO 6ojI]E>UIHH 3KOHOMH*ieCKHH 3Cp(peKT npH HCnOJIbSOBaHHH KOC- 
MHHeCKOH HH(pOPMaHHH «33.  HPK 3TOM HeOÖXOflHMO y^HTHBaTb,  HTO HeM 
6ojiee   BbicoKHe   npocTpaHCTBeHHoe   H  cneKTpajibHoe  paspeiHemra   6yflyr 
HMeTb KocMHHecKHe CHHMKH, TCM 6onee TOHKHH aHajras cTpyKTyp sajiera- 
HHfl   nopofl   H,   COOTBeTCTBeHHO,   ÖOJiee   TOHHbie   p633^JIbTaTW   HCCJieflOBaHHH 
npnpoÄHbix pecypcoB (B TOM iHCJie nporaos sanacoB H «pyrax xapaicrepH- 
CTHK MHHepajibHoro cbipba) aacT paccMaTpHBaeMaa MeTpmnca. 

TaKoft noflxoa nosBOjrai penian. pasjiHHHbie npHpoflHopecypcHbie Hapoa- 
Hoxo3HHcTBeHHbie sa^a^ra (B ^acTHOcTH, saaaHH pasBeflKH H oueHKH sana- 
COB He<pTera30Bbix MecTopoiKfleHHH H sajieaceft Äpyrax nojiesHbix HCKonae- 
Mbix) OCHOBblBaaCb TOJIbKO Ha flaHHblX KOCMmeCKHX Ha6jIK«eHHH, HCKJIIO- 
HHB HJIH cymeCTBCHHO COKpaTHB flOporOCTOHlHHe H MajIonpOH3BO,HHTeJIbHbie 
reojioro-pa3BeflOHHbie H ßpyrne nojieBbie pa6oTbi. 

B paMKax POCCHHCKOH 4>6flepajibHOH KocMHHecKoö nporpaMMbi c 1998 
rcwa npoBOflHTCH pa6oTbi no pa3pa6oTKe reojioropasBeÄOHHoro 6opTOBoro 
cneKTpoMeTpEraecKoro KOMiuieKca. B HacTO»mee BpeMfl onpeflejieHbi npe^- 
BapHTejibHbie TpeooBanira co CTopoHbi HcnojibsyeMoro cTpyKrypoMeTpirae- 
cKoro MeToaa o6pa6oTKH flaHHbix «33, npeÄbflBjraeMbie K 6opTOBOMy anna- 

paTypHOMy [10]: 
- cneKTpajibHWH #Hana3e>H, MKM  

... 0,2 - 12,0 
- cneicrpajibHoe pa3penieHHe B ,zniana30He 0,2-0,9 MKM, HM  

. 1-5 
- cneKTpajibHoe pa3peineHHe B ,miana30He 0,9-2,5 MKM, HM  

6 
- cneKTpajibHoe pa3penieHHe B Änana30He 2,5 - 5,5 MKM, HM  

.  40 
- cneKTpajibHoe pa3pememie B ^HanaaoHe 5,5 - 12,0 MKM, HM  

60 
- yrjioBoe pa3pemeHHe npH MHoro30HajibHoft cbeMKe B jmana30He 

0,2-12,0.MKM  
....  He 6ojibine 20" 
- yrjioBoe pa3pemeHHe npn narocpoMaTiraecKOH CbeMKe  

.   He 6ojibUie 5" 
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- uiHpHHa nojiocbi o63opa npH MHoro30HajibHoft cbeMKe  
. . 3,0° 

- uiHpHHa nojiocbi oÖ3opa npH naHxpoMaTHraecKOH cbeMKe  
. 1,0° 

- oTioioHeHHe onTiraecKOH OCH KOMnjieKca OT Hannpa 
BflOJIb Tpaccbi MKC  
 ±30° 

- oTKJioHeHHe onTEraecKoii OCH KOMiuieKca OT Hannpa 
nonepeK Tpaccw MKC  

....   ±30° 
OrpaGoTKy 6opxoBoro reojioropa3Be,noHHoro cneKTpoMeTpmecKoro KOM- 

iuieKca luiaHHpyercH npoBonHTb Ha SopTy MeaqryHaponHOH KocMtraecKOH 
CTamjHH (MKC). 

HccjieaoBaHHe KocMH^ecKHX Teji. 

Oco6oe HanpaiyieHHe npe^jiaraeMOH MCTOAHKH cTpyioypoMeTpHraecKoro 
aHajiH3a flamibix flHCTaHUHOHHoro 30HzmpoBaHHH npeflCTaBjuieT H3yqeHHe 
paafiHHHbix KocMHHecKHX reji — iuiaHeT, HX cnyTHHKOB, 3Be3fl. 3TO CB«3aHo 
c TeM, HTO Ha KocMKraecKHX Tejiax pa3Hbix pa3MepoB, BHyTpeHHeii crpyiery- 
pw H arperaTHoro COCTOHHHH npoHBJiHeTCH o6pa30BaHHe KOjibneBbix cTpyK- 
Typ H HMeeTCH B03M02CHOCTb aHaJIH3a pe30HaHCHbIX *iaCTOT ajieicrpoMarHHT- 
HOrO   H3JiyHeHH3 npHpO^HMX OÖbeKTOB. 

YiKe nojiyqeHbi nepBbie pe3yjibxaTbi Hcnojib30BaHiw crpyierypoMeTpirae- 
cKoro aHaiiH3a KOjibneBbix crpyicryp npHMemrrejibHO K no3HaHHio npHpoa- 
Hbix oöbeKTOB H aBjieHHH Mapca H ero cnyTHHKOB, CojiHHa H jap. 

MeTo^HKa BbisBjieHPie pe30HaHCHWx TOCTOT H cHcxeMHoro aHajiH3a ajieK- 
TpoMarraiTHoro H3jiyqeHHH npHpo/iHbix oöbeicroB no flaHHWM flHCTaHUH- 
oHHoro 30HflHpoBaHHH onpo6oBaHa npH H3yneHHH npnpoflHbix oöbeKTOB H 

BHyrpeHHero cTpoeHHH JlyHbi.  OcraHOBHMCfl Ha HeKOTOpbix pe3yjibTaTax 
3THX HCCJieflOBaHHO. 

1. riojiyqeHbi ziamibie o pacnpenejieHHH yrjieBoaopoj[OB H Bozn>i B npH- 
noBepxHocTHbix noponax B paftoHe KpaTepa Kpiorep. yrjieBonoponbi H Boaa 
aocTHraioT no OTHocHTejibHOMy cozjepacaHHio CBOHX MaKCHMajibHbix 3Hane- 
HHH, paBHbix no >TJieBOflopoaaM — 0,089%, no Bone — 3,5% B To^icax BHyr- 
pn Kpaxepa Kpiorep. 

YMecTHO OTMeTHTb, WTO BnepBbie 4>aKT oÖHapyxeHHH no MaTepHajiaM 
ancTaHnnoHHoro 3onn;HpoBaHHJi yrjieBOflopoaoB H BO^M Ha JlyHe n, B MacT- 
HOCTH, B KpaTepe Kpiorep 6bui uy6jiwmo nojioaceH POCCHHCKHMH yneHbi- 
MH, B TM. aBTOpaMH ,o;oKJia,n,a, Ha Hay^HOM ceMHHape "CarHTöBCKHe HTe- 
mra-1996", npoBe^eHHOM B MTY HM. M.B. JIoMOHOcoBa 28 HoaSpJi 1996 
r., T.e. noMTH 3a Hezjejno ao cooSmeHH» HACA CUIA 06 oÖHapyaceHHH 
jibfla Ha IQHCHOM nojnoce JlyHbi. 

2. 3aBepmeH nepBbin 3Tan HccjienoBaHHfl cTpoeHna jiyHHbix Mopeft a 
MacKOHOB (mass concentrations - KOHneHTpanHH Mace) B 3ajiHBe Panyrn, 
Mope Roxmeu H Mope JICHOCTH (pnc. 4). 3TH yqacTKH JlyHbi HBJiaioTCii HC- 
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TOHHHKOM MOUJHblX nOJIOiKHTeJIbHblX,  3a HCKJIIOHeHHeM MaCKOHa B 3ajiHBe 
Paayra, rpaBHTaHHOHHbix aHOMajiHH peraoHajibHoro xapaicrepa. 

nojiyneHbi aaHHbie o IIJIOTHOCTHOM crpoemiH jiyHHOH JiHTOccpepw Ha 
npocpiuie 1, npoxoflflmeM nepe3 3ajiHB Paziyra, Mope floagieH, Mope HCHO- 

CTH. ßjiHHa npocpmra - nopflflKa 2000 KM. TjiyÖHHa HHCpopMaHHOHHoro 
30HÄHpOBaHELa — 120 KM. 

BbWBjreHo pacnpe^ejieHHe IIJIOTHOCTH JiyHHbix nopojjc Ha npocpHJie 2, 
npoxoaameM Ha# MacKOHOM B Mope floacfleö. fljiHHa npocpmra - nopüflKa 
260 KM. TjiyÖHHa 30HflnpoBaHHa - 800 KM (pHC.5). 

no pe3yjibTaTaM /iHCTaHHHOHHoro 30H/JHpoBaHira nocTpoeHa Mo/rejib pe- 
raoHajibHoro pacnpejjejieHHe IIJIOTHOCTH npnnoBepxHocTHbix nopo« B pan- 
oHe, BKJHOHaiomeM B ce6.a 3ajiHB PajxyrH, Mope AcoKHeii, Mope >ICHOCTH. 

3 
CocTaBjieHa KapTa H3oa,eHC Macnrra6a 1:10 000 000 c inaroM 0,25 r/cM . 

H3 aHajiH3a HHcpopManHH o rjiyÖHHHOM CTpoemra JiyHHbix Mopeö, H B 

nepßyio onepeßb, Mopa ^oj^eii cjie/iyeT, HTO MacKOH - STO MHoroypoBHe- 
Ba* ynopHfloneHHafl cHCTeMa Mace, BKJiKwaiomafl B ce6n coBOKynHocTb He- 
npepbiBHo pacnpeflejieHHbix aHOMajibHbix Mace (Ha pnc. 5 - OT noBepxHO- 
CTH JlyHbi ÄO rjiyÖHHbi 140 KM) H KOMnaKTHbix H30jrapoBaHHbix Teji, pac- 
nojioxeHHbix Ha 6ojibiüHX rjiyÖHHax (B paaoHe Mopa flogen OHH npo- 
cjieaceHbi Ha rjiyÖHHe OT 200 no 800 KM). 

HaH60JIMIIHH BKJiajJ, B aHOMaJIbHbffl ipaBHTaHHOHHblH 3<j)CpeKT Hafl Mac- 
KOHOM Mopa /Joac/ren flaeT Macca, sajieraromaa Ha rjiy6HHe OT 80 no 140 

KM CO CpeflHeft njTOTHOCTbK) 3,75 T/CM3.    IIpH 3TOM H36bITOHHaH IIJIOTHOCTb 

no oTHonieHHK) K noflCTHjiaiomHM nopoflaM flocraraeT 1,4 T/CM . 
Ha rayOHHax nopH^Ka 300 KM H 680 KM BbiflBJieHbi upa Hanöojiee Kpyn- 

Hbix Tejia c nonepe^HbiMH pa3MepaMH 6ojiee 120 KM, BHOCHIHHX 3Hawrejib- 
HbiH BKjia« B OSIUHH ipaBHTaHHOHHblH scpcpeKT MacKOHa. B 3THX Tejiax yc- 
TaHOBJieHbl   CJIOH  pa3HOH   IIJIOTHOCTH,   KOTOpbie   no   BCefi   BH/IHMOCTH,   6bDIH 
o6pa30BaHbi B pa3Hbie <pa3bi HCTOPHH cpopMHpoBamra JlyHbi. 

Ho pacnpeaejieHHK) IIJIOTHOCTH npHnoBepXHOCTHbix nopozi B JiyHHbix MO- 

pXX.  H   Ha   HX   OKpaHHEX   HOCTpOeHa   CJIOXHaH   CHCTeMa   MHOrOKOJIbHeBblX   H 
3aMKHyTbix cTpyioyp. BbiaBjieHbi npH3HaKH TeKTOHirqecKHX npoueccoB, B 

nacTHocTH, aneMeHTOB CJJBHTOBOH TeKTOHHKH, KOTOpbie, BMecTe c xapaKTe- 
poM rjiy6HHHoro cTpoerora JiHToccpepbi, CBHfleTejibCTByioT 06 yjjapHbix npo- 
neccax o6pa30BaHHa JiyHHbix Mopeö npn naaeHHH na JlyHy KpynHbix KOC- 

MHMecKHX Teji H oöbÄCHüiOT npHpojjy H npoueccw o6pa30BaHHH aHOMajib- 
HblX no IIJIOTHOCTH MaCKOHOB H3 BemeCTB 3THX TeJI. 

H3 aHajiH3a /raHHbix no npocpiuno 1 cjiejjyeT, HTO 3annB Panyra, Mope 
Aoxaeft H Mope HCHOCTH npeßCTaBjraioT CO6OH ejomyio nepMaHeHrayio 
cHCTeMy, o6pa30BaHHOH, c BMCOKOH creneHbio BepoaTHOcTH, npn OJJHHX H 

Tex ace o6cTOHTejibCTBax H npHMepHO B O/JHO BpeM». 
He HCKJUoneHo, HTO accHMeTpira JlyHbi B03HHKJia B pe3yjibTare oTBeTa Ha 

BHeniHee y/japHoe B03JjeHCTBHe naflaiomnx Ha ee noBepxHOCTb KpynHbix 
KocMHHecKHX Teji. 3TO Taoce npHBejio K o6pa30BaHHio jiyHHbix Mopeö H BO 

MHoroM onpe/xejimio nocjie^yiomHe nponeccbi HX (popMHpoBaHHJi. 
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Ha BTOpoM sTaiie Hccjie,n,oBaHiw jiyHHWx Mopeft npH Hcnojib30BaHHH 60- 
jiee fleTajibHbix MaTepH&JioB cbeMKH jiyHHoö noßepxHocTH iuiaHHpyeTCfl no- 
CTpoeTb TpexMepHyio 4>H3nnecKyio MOflejit MacKOHa H TOHHee onemrrb no- 
poagiaeMbiH HM rpaBHTauHOHHbiH 3(pcpeKT. 

3. BbinojiHeHo neTajihHoe HccjieaoBaHHe Henp JlyHbi. OHO saBepinn- 
jiocb co3naHHeM no naHHbiM rjiyÖHHHoro 30H^HpoBaHPW Tejia JlyHbi ccpepH- 
qeCKH CHMMeTpHHHOH MHOTOCJIOHHOH MOflejIH. fljIH yiOTHeHHH pe3yjIbTaTOB 
aHajiH3a npHMeiweMbiH MSTOJX peajiH30BaH B BHne MHoroHTepannoHHoro 
nponecca c Hcnojib30BaHHeM opnrHHajibHOH cxeMbi noToneHHoro HHcpop- 
MaUHOHHOrO 30HflHpOBaHHH. 

Ha ocHOBe nojiyqemibix aaHHbix nocTpoeHa HHCpopMauHOHHaa Marpn- 
na, conepiKainaa 1363 sjieMema H xapaKTepHsyioma» TaKHe cpH3iwecKHe 
napaMeTpbi KaK njioTHocTb, TeMnepaTypa, Moayjib Beicropa CKOpocrn cMe- 
meHHa BHyrpeHHHX cjioeB OT noßepxHocTH #0 neHTpa JlyHbi. 

AHajiH3 pacnpenejierara IIJIOTHOCTH BHyrpH JlyHbi noKa3bißaeT, HTO OHa 
aBjiaeTCH cyinecTBeHHO rnnpocTaTHnecKH HepaBHOBecHoii lUiaHeTOH. BiryT- 
pH JlyHbi BbMBJieHO HCCKOJIbKO oßojIOHeK C aHOMaJIbHO HH3KOH IIJIOTHO- 
CTbK). 

nporH03HpyeTca, HTO aapo JlyHbi HMeeT cpeninoio mioTHocTb 2611 

T/CM , B TO BpeMa KaK 3HaMeHHe cpenneft IIJIOTHOCTH JlyHbi, BbFmcjieHHoe 
'S 

nepe3 cejieHOHeHTpiFiecKyio nocTOHHHyio, paBHo 3,34 T/CM . B iieHTpe Jly- 
Hbi nporH03HpyeMaH TeMnepaTypa cocTaBjraeT +1228DC; MaKCHMajibHaa 
TeMnepaTypa B Henpax JlyHbi — +1279DC 3aperacTpHpoBaHa Ha rayOHHe 
1266 KM. 

,U,aHa npeaBapHTejibHaa oneHKa 6e3pa3MepHoro napaMeTpa G, xapaKTepM- 
3yrom;ero iuiOTHocTHyio HeozmopoaHocTb 3Toro cnyrHHKa 3eMJiH. OH pac- 

cHHTHBaeTCH no (popMyjie: G = 1,5 I/MR , rae I — HCTHHHMH MOMCHT 

HHepuHH iuiaHeTbi, M — oöina» Macca n R — pamryc iuiaHeTbi. OTMCTHM. 

HTO njra oflHopoflHbix njiaHeT G = 0,6; nji« iuiaHeT c TiDKejibiM »npoM G < 
0.6. fljw JlyHbi 3TOT noKasaTejib npeBbmiaeT 3HaneHHe 0,6, T.e. xapaKTepn- 
3yeT JlyHy KaK oTHocHTejibHo "EfycTOTejioe" KOCMHraecKoe o6pa30BaHHe. 
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MoHHTopHHr aHOMajibHHX aapo30jibHwx 3MHCCHH B panoHax 
TeKTOHBraecKofi fleÄTejibHocTH c noMombio jiBwapoB Ha 6opTy Majibix KA 

BAneKceeB, T.MaTBHeHKO, r.PaHKyHOB, APeMÖe3a, C.CoöojieB, 
B.HIaMaHaeB 

142092, r.TpOHHK, MocKOBCKaa oÖJiacTb, TPHHHTH 
634055, r.ToMCK, AKaaeMHraecKHH npocneicr, 1, 

CHÖHpcKoe oTflejieHHe PAH 
141070, r.KopojieB, MocKOBCKaa o6jiacTb, yji. ÜHOHepcKaa 4, UHHHMam 

HaHHHaa c 1980 ro^a TPHHHTH npoBo#HT Hccjie#oBaHHfl 
ocoSeHHOCTen aspcttojibHbix Bbi6pocoB B paaoHax TeKTOHEraecKoii 
ÄeüTejibHocTH. TaKHM o6pa30M 6buio oÖHapyaceHo noBbmiemie BbiSpocoB 
ByjiKaHOB nepejj; 3eMJieTpiiceHHHMH. 

ß<jm nporH03HpoBaHHa reojioraraecKHx KaTacTpcxp yaoÖHee Bcero 
Hcnojib30BaTb KocMHqecKHe  cpeflCTBa.  B  POCCHH pa3pa6aTWBaeTCH  ceTb 
MaJIblX     KA,     CHa6)KeHHbIX    pa3JI]MHbIMH    ÄaTHHKaMH     (sjieKTpHHeCKHMH, 
MarHHTHbiMH, onTiwecKHMH H T.fl.) ,zvra onpeflejieHHfl pafioHOB öynymnx 
3eMJieTpaceHHH B nojib3y npuMeHemra onTEraecKoro flHana30Ha CJIJOKHT 

O^HO HHTepecHoe flBJiemie. 3a HecKOJiwco qacoB flo H3BepxeHHa HJIH 

3eMJieTpaceHHa Ham MecTOM reojiorHraecKoro cflBHra noBbiiuaeTca 
KOHHeHTpaipra aaposojibHbix qacTHu; pa3MepoM OT 0.1 no 1 MKM. 

KaK npaBHjio, snnueHTpaMH B03M05KHbix KaTacTpotp «BJiaioTCÄ 
oßjiacTH 3eMJiH, rae KOHuempauHH aHOMajibHbix BbiÖpocoB Moryr 6biTb 
onpeflejieHbi TOjibKO c noMombio «HCTaHHHOHHbix cpe^cTB. nepBbie jiH^apbi 
KW HccjieAOBaHHH oöjiaKOB ÖbijiH HcnbiTaHH Ha 6opTy HlaiTjia H cTaHUKH 
MHP Ha BbicoTax 350-400 KM. npn STOM Mbi Hcnojib30Bajra MOflejiB 
aapo30JibHOH aTMoccpepw, pa3pa6oTaHHyio HHCTHTyTOM onniKH axMoctpepbi 
H 3KcnepMeHTajibHbie aamibie aaposojibHbix HCcjieflOBaHHH, npoBe^eHHbix 
TPHHHTH H CaHKT-neTepSyprcKHM ymiBepcHTeTOM AJIH BbinojiHemiH 
Heo6xoflHMbix pacneTOB. 

TeppBLH pacnpocTpaHeHHH cBeTa noKa3WBaeT, HTO äJIHHM BOJIH 1.06, 
0.532 H 0.535 MKM Han6ojiee no,nxo,zj5iT win HccjieflOBami« HeTHnHraHbix 
aap030JieH (nepBaa, BTopaa H Tpeibfl rapMOHHKH Jia3epa TaHeTa). 

y»:e pa3pa6oTaHbi TaKHe Jia3epbi c äHO^HOH HaKaHKOH. OHH oÖjia^aioT 
npHeMjieMbiMH sHepreTKraecKHMH napaMeTpaMH, BecoM H pa3MepaMH. fljia 
npHeMa CHraajioB OT a3p030jieö B pexHMe cneTa <J)OTOHOB B Ho^Hoe BpeMfl 
H oÖHapyaceHHfl o6jiacTeö c noBbimeHHOH KOHueHTpanjHeH pacceaHHbix 
a3po30jibHbix HacTHH MOXHO Hcnojib30BaTb npHeMHbiii TejiecKon Ha ocHOBe 
yrjieruiacTHKOBbix 3epKan c MeTajuiHraecKHM HanbUietraeM. 

JlHflap BKjrioqaeTca TOjibKO npH npojieTe panoHOB reojiorirqecKoro HJIH 

TeKTOHHHeCKOrO ßeflCTBHH (BbICOTa OpÖHTbl npH 3TOM OKOJIO 500 KM). 
Bee jiHflapa MeHee 100 KT, a noTpeÖjieHHe sHepran npH Ha6jno#eHHH 

nopHflKa 700 BOJibTaMnep. 

B.AjieKceeB H pp. 



iSüiiiü Satellites Lädst!* iVionitnf JIM* Anomalous Aerosols fhüisslon 
in the Regions of Tectonic Activity 

V. Tlekseev ''., G. Malvienko  , G. Raikuuov \, A. Rembeza '\ S. Sobolev \ V. 
:Shaman:tev ' 

1.  Tioitok   Institute   tor .liHiovation in ^nwrmaTtttäear   Lnvcaügiition;»  (TR1N1T1),  Troitsk, 

Mo;>cow Region, ! t20')l. Russia 

2. Imihiuts of i\uw.>fi\)ham Optics Sb. Ru*yaa Academy of Science: l.Acjidefiiidteykii   Avenue., 
P*rasfvö34ü.'5\ Russin 

3. Russian Spao--i Agency, Central Research Institute of'Machine Building; •!.. Pioncwteyam., \A 1070, 
K.oi'olyov, Moscow Region., rvussiij 

IJcglnning from 19x0. TRINfü carries out the investigations on peculiarities of 
aerosols emission In the reiyions oi tectonic activity, Thus» emission fniensi'bcaiiou 
prior to earthquakes and volcano eruptions was discovered.■The phenomenon 
manifests iteoif to he perspective for prognosticating destructive events related to 
tectonic activity, 
fToyoostieai'ng ^eoingie«! bü/ards with unknown, positions {'soch ;<« earthquakes? and 
volcano eruptions) are conveniently to" fulfil with space based equipment, in Russia, 
the net of small satellites winch uses «Mfercnt kinds of detectors (electrical magnetic, 
optical and so on)  wilt be created for detect inn; the points oi iuiure earthquakes. 
The optical range of waves can employ the following interesting faet. Several hours 
or tens ot hours ahead of a volcanic etripiiou or an 'earthquake, the concentration of 
atmospheric aerosol particles with .sizes from 0.1 to 1.0 lukm increase above' 
geological fäuües. Kplcetuets of possible disasters an?., as a rule, fit the regions of toe' 
Earth where only remote .means ibr detecting the' anomalorts aeiosoi concentration 
can bo used, The first lidarc? intended. for cloud sensing have already been, tested ort 
board the Shuttle and the MIR space- station thai orbited at altitudes 350 ■■■ 4001cm. 
Ws. used the Mode!  of Aerosol Atmosphere -of the Insulate of Atmospheric optic:-! 
and aerosol experimental data of TRINITI. and St - Pelorburg University to carry out 

The light 3cai.tco.ujs, theory shows that 1.06, 0.532 and 0.355 mkm wavelengths (the 
first second ami third harmonies of a garnet laser) arc most suitable for sensing of the 
untypical aerosol;-;. .Such lasers with diode pumping have already been manufactured. 
'fliw-y have acceptable energetic parameters, wesgni and overall dimensions. A 
receiving telescope on the basis of carbonpiastic mirrors with vaporized metal 
eoamigs can be used for receiving signals front aerosols hi the photon counting mode 
at the night time and for detecting ihc regions with, the enhanced concentration of the 
i'iueiy '.Bspeojcd aerosol, fraction. ■■ . 
This iidar will be switched on only when, the spacecraft (at an orbit altitude of about 
500 km) will fly above the .regions of geological and teebnogevtie hazards, '.the Jidar 
weight wili be less than 1.00 kg and its energy supply will be of the order of 700 V A. 
during intensive sensing sessions. 
Technical and technological, peculiarities of lidar for (he observation of anomalous 
aerosol emission from space art* discussed in the report, 



HccjieflOBaHne flHHaMHHecKHX npoueccoB 3eMjiH H Cojmua c 
Hcnojib30BaHHeM rpynnnpOBOK Majibix KA 

B.H.OpaeBCKHH, BA.AjieKceeB 
142092, r.TpoHHK, MocKOBCKaü oöjiacTb, H3MHPAH 

PaccMaTpHBaeTCK uejibrii KOMiuieKC Hayrabix H npHKjiaflHbix npo6jieM, 
CBsraaHHbix c npHMeHeHHeM HOBoro noKOJieHHH KA, TaK Ha3biBeMbix Manbix 
cnyrHHKOB,   pa3pa6aTbiBaeMbix B  HacToamee  BpeMa  Ha  6a3e  HOBCHIUHX 

aOCTEOKeHHH B HayHHOH H TeXHHHeCKOH OÖJiaCTflX. 
B flOKJia^e npeflCTaBjieHbi ocHOBHaü KOHHenmra H npHHunnbi 

npHMeHeHHH MKA fljia HCCJieflOBaHHH cojraeHHo-seMHbix cB«3efi H 

oKOJio3eMHoro KOCMEraecKoro npocTpaHCTBa (OKH). IIpHMepoM 3Toro 
cjiyaarr cepHH MKA, pa3pa6oTaHHbix H3MHPAH B pe3yjibTaTe 
coBMecTHbix pa6oT c HHocTpaHHHMH napTHepaMH. 3TO HHTEPrEJIHOC, 
YHHMAT, KOMHAC-IIITHJIb, TOMO, PA3JIOM-IA 

MKA     HHTEPrEJIHOC     H     CHCTEMA    HBJiaiOTca     nepBMMH 
KOCMOTeCKHMH   Cpe^CTBaMH  flJIil   npOBefleHHfl   HaÖJIIOfleHHH   B   OKpeCHOCTÜX 
MepKypnH H Cojraua, a TaiQKe MeaauiaHeTHbiMH 30HflaMH zyifl 
HCCjieji;oBaHHH B oKpecTHocTax Cojmua. Hejibio flaHHbix npoeKTOB ABjiaeTCii 
co3ÄaHHe 6a3bi #jiii ocymecTBJieHHH B oynynjeM nojieTOB K Cojrairy MKA 
CTepeoHaÖjiioaeHHii CojiHna H rejraoctpepHoro MomrropHHra norqnbi. 

MKA KOMnAC-UITHJIb, yHHMAT, TOMO, PA3JIOM IA 6yayr 
Hcnojib30BaHbi fljiü HccjieflOBaHHH OKÜ B paMKax pemeHHH npHKjiaflHbrx 
npoöjieM. 

KOMIlAC-IlITHJlb npeflHa3HaHeH jajix MOHHTopHHra HOHoccpepHbrx 
aHOMajiHH ceiicMHqecKoro H amponoreHHoro xapaicrepa. OH MOJKCT öHTB 

HCnOJIb30BaH ÄJIH BbMBJieHHH TeKTOHJFieCKHX CflBHrOB H HX KJiaCCHtpHKaUHH 
B 3aBHCHMOCTH OT HX aKTHBHOCTH. 

TOMO HBjiaeTca paflHOTexHiraecKHM KOMimeKcoM äJW ocymecTBJieHHH 
rjioöajibHoro Kompojra 3a HOHOctpepon c Hejibio coBepmeHCTBOBaHHH 
nporH03a paöoTbi JIHHHH CB«3H H Hpe3BbiHaHHbix cHTyauHH. 

PA3JIOM IA npeflHa3HaxieH jxjia rjioÖajibHoro KapTorpacpHpoBaHira c 
uejibio pa3BeflKH nojie3Hbix HCKonaeMbix HeTpammHOHHbiMH MeTo^aMH. 

YHHMAT npeÄHa3HaMeH cneuHajibHO AJM TOTHbix H3MepeHHH 
MarHHTHoro nojra H ecxecTBeHHbix aHOMajiHH. 

Moryr 6biTb paccMoxpeHbi nepcneKTHBbi Hcnojib30BaHHH Bbimenepe- 
MHCjieHHbix npoeKTOB B paMKax KOHHenuHH "Majiwx KA" äJIH peinemw 
(pyHaaMeHTajibHbix H npHKJiaflHbix sa^an (pH3HKH cojiHe*iHO-3eMHbix CB«3eH. 

HaMH TaiQKe pa3pa6arbiBaeTCJi yHHKajibHaa cHCTeMa CBJöH 

"3CTAOETA" Ha 6a3e MKA (flo 32 KA). OHa npeflHa3HaqeHa He TOJibKO 
/jyra HccjieflOBaHHÖ reoflHHaMEraecKHX H aKOjioraraecKHX npoueccoB, HO H 

MoxeT Hcnojib30BaTbca KaK CHCTeMa nepeaara Me#HHHHCKOH HH(popMaHHH. 
B HacTOKmee BpeMH OHa paccMarpHBaeTCH KaK ocHOBa äJI» MeJKayHapOÄHbix 
nporpaMM CTpaH ACEAH H JlaTHHCKofi AviepHKH. 

B.OpaeBCKHH 



Studying Dynamical Processes on the Earth and the Sun 
by Using a Set of Smaii Sateilites 

with Aim of Its Application To Geology and Ecology 

V.N.Oraevsky, V.AAlekseev 
IZMIRAN. Troitsk Moscow Region. 142092. Russia, e-mail: puteei@izmiran.i35i.ru 

The report is devoted to the whole spectrum of scientific and applied 
r.™hi^T™c far^H with the new veneration of satellites/ so called 'small missions', 
which are creating now on the base of modern achievements in the scientific and 
technical area. The main idea and principles of the 'small missions' usefulness 
both for soiar-terrestriai coupling and near-Earth environment studies and for 
annlication proposes are presented here following the example of the IZMIRAN 
satellite series which was proposed and put into operation as the result of the 
cooperative work with some foreign partners. There are: INTERHELIOS, 
SYSTEM. UNEvIAG, COMP AS-STILL, TOMO, RAZLOM1 a. 
INTERHELIOS and SYSTEM are in the first place the facility 
for observation quite near ihe Mercury and the Sun and inierpianeiary medium 
probing in the vicinity of the Sun as well. The aim of these projects is to make the 
base for the future missions to the Sun stereo-observation and heliospheric 
weather monitoring in the near Earth environment. 
COMP AS - STKJL UNIMAG. TOMO and RAZLOM la are intended for near-Earth 
space studies in the frame of applied problems. 
COMP AS-STILL is a complex for ionospheric anomalies of seismic and 
anthropogeneous origin monitoring; it can be used for revealing global system of 
tectonic faults and classing them according to their activity. These problems can be 
solved by studying electromagnetic fields of various intensity and frequency and 
thermal fields and by using a complex data processing system. The database under 
processing will comprise the data of surface survey by TV and photographic systems. 
TOxMO is a radio-satellite complex for the ionosphere global monitoring in order 
to improve radiocommunication  links activity prediction and extraordinary 
situation forecasting. 
RAZLOM la is a satellite for global mapping with the aim of natural resources 
discovering by nontraditional methods. 
UNIMAG is special satellite for precision magnetic field measurements and 
natural anomalies of various scales mapping. 
Potentials of the aforesaid projects realization in frame of -small missions' 
conception for the solution of the fundamental and appHed problems of solar- 
terrestrial physics can be considered. 

Also we develop a multi-satellite system "Estafeta" based on the (up to 32) small 
satellites which is universal communications system. The capabilities of "Estafeta" 
are unique. In particular, in addition to its property to be a system for studying 
geodynamic and ecological processes, it can be intended to create a telesystem of 
medical information. Now, ^Estafeta" is considered as the base of mternational 
programs for ASEAN countries and Latin America, 



PenieHHe 3a,n;aH .zmcTaHnHOHHoro  30HflHpoBaHH5i 3eMjra H CB»3H 

Ha ocHOBe HcnojiB30BaHHü Majibix KocMHraecKHX annapaTOB 

BHTep B.B, HriO MAIIIHHOCTPOEHHfl 
143952 r.PeyroB MocKOBCKaa o6jiacn> yji. TarapHHa 33 

<DaKc: (095)302-2001 
OcnnoB HX., MHHHn, HepeBKOB K.B., PHHHKH, MajiaMe« E.P., OAO 

JIOMO, KapaceB B.H., mi OHT3KC, JInnaTOB A.A., 16IJHHH MO, 
TpHijeHKO A.A., HK11, "CeBepHaü KopoHa" 

YpÖBeHb   KOCMHTCCKHX   TeXHOJIOrHH   Ha   nopore   HOBOrO   TblCflHejieTHfl 
no3BOjiaeT npncTynnTb K KOMMepnecKOMy HcnojTb30BaHHio KocMiraecKHX 
annapaTOB (KA) He TOJIMCO B CHCTeMax CBU3H, HO H B .znicTaHUHOHHOM 
30HflHpoBaHHH 3eMjiH (A33), HaBHrannn, npoH3BOflCTBe cnennajibHtix 
MaTepnajioB n aa)Ke Hayrabix HccjieÄOBaHHax. 

npH 3TOM ÖOJIbHIHHCTBO BHOBb npOeKTHpyeMblX CHCTeM 
npe/iycMaTpHBaioT 3HaHHTejibHbie rpynnnpoBKH KA na pa3jiH*mbix opÖHTax. 
Tatc cosflaBaeMbie cynepcncreMbi cnyTHHKOBon CB*I3H Ha LEO, MEO n 
flaace TEO npe,n;nojiaraK>T Hcnojib30BaHne B cncxeMe CBoen CTpyicrype OT 

HecKOjibKHx ^ecMTKOB ,no coTeH annapaTOB. AHajioriiMHaa TeHfleHntra 
Ha^HHaeT npocMaTpHBaTbCü B HOBMX cncTeMax £1,33, rae yace BeaeTc« 
pa3pa6oTKa KOMimeKcoB HaöjnofleHHfl Ha MKA c 4, 12, 24 a 48 
cnyTHHKaMH, npiraeM Bpeina pa3BepTWBaHHH TaKHX cncTeM cocTaBjraeT He 
ÄOjirne roflbi, a KpaHHe orpaHHieHO. CncTeMbi cnyTHHKOBon HaBHranHH no 
HHCJiy KA HMeioT aHajioriraHbie noKasamra. 

B nepeHHCJieHHbix BapHamax, npn Been 3cp(peKTHBH0CTH co3#aBaeMbix 
cncTeM, npocjie)KHBaK)TC5i orpoMHbie 3aTpaTbi npn pa3pa6oTKe HX, BbiBoae 
KA Ha op6nTy c ncnojib30BaHHeM aoporax paKeT-HOCHTejien (PH) H 

ynpaBjieHHH STHMH rnraHTCKHMH cncreMaMH. IToOTOMy Äaace fljra pa3BHTbix 
H aKOHOMiraecKH ycTOOTHBwx crpaH, Kor,zja 3HaMHTejibHaa HH(ppacTpyKTypa 
oSmecTBa ysce CBiraaHa c KocMnqecKHMH ycjiyraMH, aKTyajibHeinuHM 
MOMeHTOM fljia 3aBoeBaHHH H ya;epacaHHa pbiHKa KocMEraecKHX ycjiyr 
«BJiaeTCH pe3Koe cHicKeHHe 3aTpaT B KOCMHraecKOM ceKTope. 

IIOHCKH   HOBeHIUHX   TeXHOJIOTHH    B    KOCMHMeCKOH    npOMWIUJieHHOCTH 
cnocoÖHbix ynpocTHTb H yzjemeBHTb KocMnqecKne ruiaTcpopMbi, nejieBbie 
Harpy3KH H CTOHMOCTB paKeT-HOCHTejien, HBJIHIOTCJI Ha cero/ma 
OCHOBHblMH, eCJIH He TJiaBHblM BonpocoM npaKTiraecKH BO Bcex 
KocMJPiecKHX npoeicrax 3ana^,a or Me>K#yHapo,a,HOH KOCMiraecKon craHUHH 
H   BOeHHMX   CHCTCM  #0   KOMMepHeCKOTO   npOeKTa  ,ZJ33   H   yHHBepCHTeTCKHX 
KocMEraecKHX 3KcnepHMeHTOB. H 3TOT nponecc nojiy^HJi cepbe3Hoe 
ycKopeHne, Kor^a B roHKy 3aBoeBaHHJi pbiHKa ,033 H CBH3H BKjnoHHjracb 
KOMMepqecKHe (pHpMbi. 

OcHOBHbiM HanpaBjieHHeM nponeccoB SKOHOMHH pacxozjoB cTajio 
Hcnojib30BaHHe MKA npaKTflraecKH BO Bcex pa3pa6oTKax. MKA 3TO 

3aKOHOMepHbin nepeBOpoT B TexHHKe, onpeflejieHHWH flocTHrayrbiM 
TexHOjioraqecKHM coBepmeHCTBOM arperaTOB, npn6opoB H cncTeM, 
KOTOpbie cnocoÖHbi Ha oxaary paBHyio paHee SKcnjiyaTnpyeMbiM cncreMaM. 

B.BnTep H flp. 



PMBOK CIIIA B cTopoHy umpoKoro Hcnojib30BaHH» MKA B CHCTeMax #33 
CB#3aH C BOBJieHeHHeM KOMMpeHeCKHX CpHpM B KOCMOTeCKyiO aeaTeJIBHOCTb 
no« acecTKHM KompojieM rocyaapcTBa. K nnoHepcKHM npoeKTaM OTOTO 

HanpaBJieHHH MOJKHO oraecTH cHCTeMy LIghtSAR npoBOflHMyio no 
HHunaTHBe NASA c npHBJieneHHeM KOMMepnecKHX cpeflCTB. 9TOT npoeKT 
Hauejien Ha pemeHHe 3a£aHH flocTiDKeHiw Ha paflapHOH cncTeMe MKA 
o^eHb BHcoKoro pa3penieHHH - IM H 3aBoeBamra BHOBB cKJiaflbiBaioinerocfl 
pbiHKa noTpeOHTejiefi BticoKOKaqecTBeHHOH paflHOjioKanHOHHOH 
HHtpopMaHHH. B KOHKypce npHHiüiH yqacrae KpynHeHnrae pa3pa6or<fflKH 
KOCMHTCCKHX       HJiaTCpOpM,       paflHOJIOKaHHOHHblX       CHCTeM       H       (pHpMbl 
3aHHMaiomHec5i oöpaöoTKOH H pacnpocrpaHemieM KocMHHecKofi 
HHcpopManHH Ball Aerospace, Boeing, Hughes, Lockheed Martin, Ragtheon, 
CTA H flp. npoeKT LightSAR npHBeji B ÄBiüKemie BoeHHbie Kpyra CIIIA, 
KOTOpbie HanajiH pa3pa6oTKy HOBMX Haei B BoeHHOH pa3Be^Ke - 
opraHH3aHHH oneparaBHoro Ha6jnoaeHHfl BHCOKOTO pa3peniemiH 3a cneT 
co3Be3flH5i cnyTHHKOB - 12,24, HJIH 48 annapaTOB. QieflyeT OTMeTHTb, MTO B 

npoeKTäx LightSAR H Starlight npeanojiaraeTCfl cnyTHHK Maccoii ~ 800KT. 

H ecJiH MKA rana LightSAR HJIH StarLighL cTaHOBOTCü KOHKypeHTaMH 
MHoroTOHHoro cBepxcoBepnieHHoro cnyrHHKa paflHojioKanHOHHOH 
pa3BeflKH Lacrose, TO MKA Jconos (pHpMbi Orbital Imaging Corp. MOXHO 

paCCMaTpHBaTb   KatC   npJIMOH   BM30B   TpaflHnHOHHOH   TeXHOJIOrHH   C03flaHEW 
cnyTHHKOB onTHKO-aneKTpoHHoro Ha6jHOÄeHH5i B He^aBHeM nponuioM c 
MaccoH HecKOjibKo TOHH. MKA Jconos npH Macce 800KT. o6ecnenHT 
pa3pemeHHe B naHxpOMararaHOM KaHajie ~1M, a MyjibTHcneKTpajibHbix 
KaHajiax ~4M, npiraeM B Tenemie 2-x JieT TaKHX cnyTHHKOB B sKcnjiyaTauHH 
6yn;eT 4. B npHBeaeHHbix Bbime npoeKTax no KpaHHeii Mepe flBa oomnx 
MOMeHTa: Majiaa Macca KA H "MHoacecTBeHHOCTb" KA Ha opÖHTax. 3Ta 
HOBa« nepTa CHCTeM A33, KaK H B co3#aBaeMbDi: B HacToamee BpeMH 
CHCTeMax CBÜ3H Ha   GEO, MEO H LEO craHOBHTCfl BO3MOJKHOH Gjiaroflapa 
BHe^peHHK) "aBTOMOÖHJlbHOH TeXHOJIOrHH" B KOCMHHeCKOH 
npOMbiniJieHHOCTH      C      nOTOHHOH      TeXHOJIOraeH      CÖOpKH,       KOHTpOJI«      H 
noAroTOBKH K npe^cTapTOBbiM onepamraM. 

AaeKBaTHo c pa3BHraeM H BHe^peHHeM HOBbix TexHOJiornn MKA Ha 
pbiHKe KocMHraecKHX ycjiyr noHBHjica HOBWH KJiacc HocHTejien paKeT MOJIOH 

rpy3ono3beMHOcTH. 
HncKOJibKO  He  npefleHnyH  Ha  aHajiH3   CHCTyanHH   cjioacHBUieHC«  B 

paKeTHO-KOCMHqeCKOH     npOMbllUJieHHOCTH     POCCHH     H,     B     HaCTHOCTH,     B 
oöjiacTH /L33, rae Tpa^HHHOHHO KA opneHTHpoBaHbi Ha paKeTbi cpeflHero 
KJiacca, a 3aflana npeaejibHo-BbicoKoro pa3penieHHa He 6buia rjiaBHOH, TeM 
He MeHee MO>KHO CKasaTb, HTO BMXOä c STHMH TexHOJiornflMH Ha PWHOK 

^33 6yn,eT Kpaime 3aTpyn;HHTejieH H3-3a 6ojibinoH CTOHMOCTH KA, paKeTbi 
H HeB03MO>KHOCTH C03flaHHH CHCT6MH H3 MHOXeCTBa KA flJIfl OnepaTHBHOro 
nojiyqeHHH HHcpopManHH. 
HO   flaxe   B   3TOT   CJIOXHblH   ÄJI5I   POCCHH   nepHO^   £OCTaTO*fflO   OTWTJIHBO 
npocMaTpHBaeTCH BapnaHT, KOTOpwH no3BOJiHT flaace B HbiHeniHHX ycjioBirax 
ocBOHTb TexHOjioiHK» Majibix KocMH^ecKHX annapaTOB B ,0,33 H CBH3H H Ha 
3TOH  ocHOBe   3aiMTb  noAo6aK>nryio   POCCHH  HHiny  Ha  MHPOBOM  pbiHKe 

B.BHTep H up. 



KocMiwecKHX yorryr. IlepBoe ycjioBHe fljia Hanajia aroro nponecca y Hac 
eCTb   -   B   POCCHH   HMeeTCH   B   HajIHHHH   ÄOCTaTOHHOe   KOJIEFieCTBO   paxeT- 
HOCHTejieH jierKoro H cpennero KJiacca 3a CTeT 6oeBWX 6ajiJiHCTHHecKHX 
paKeT, BMBomiMbix no pasjurmbiM npHHHHaM H3 aKciuiyaTanjHH, HTO ^aeT 
npaKTKraecKyio rapaHTiwo B Teqemie 6jnDKaHinero jnecjrrajieTHfl o6ecne*fflTb 
npH MHHHMajibHbix 3aTpaTax caMbie cMejibie npoeKTM ,3,33 Ha ocHOBe MKA 
c MaccoH ~1000KT., a ycnexH POCCHHCKHX pa3pa6oTHHKOB aneKTpo- 
paK6THbix ^BHraTejieH (KB <J>aKeji, UHHHMAEI, HHHMAIII) no3BoaioT 
co3,a;aTb HOByio KocMHqecKyro TpaHcnopTHyio CHcreMy pjw BbiBoaa Ha 
reocTaHHOHapHyio opÖHTy B "3aMeflJieHHOM TeMne" KA CB5I3H C Maccoft 500- 
1200KT. HMeHHO TaKOH BH^HTCä B03Mo«nocTb npopbiBa POCCHH B 
TexHOjiorHH MKA, He BocnojibsoBaTbcji KOTopofi npocTo Hejib3a. 
TexHOJiorHH cero^HHinHero aim        B paKeTHo-KocMH^ecKOH 
npoMbiiujieHHOCTH no3BOji5HOT B öjiroKannrae 2-3rofla co3,naTb 
yHHBepcajibHyio KocMiraecKyio roianpopMy AJIJI cnyraHKOB JJß3 MaccoH 
800-850KT. B KanecTBe nojie3HOH Harpy3KH MKA £1,33 peajibHbiM BHäHTCü 

pazmojioKarop c cHHTe3HpoBaHHofi anepTypoö c pa3pememieM 
npHÖJiiöcaiomHMCii K 1M. TexHuqecKHH 3aaeji no KocMiraecKOMy pa^apy 
MHHHIl (HIIO Bera M) H HMeiomHecfl sKcnepHMeHTajibHbie flaHHbie c 
Hcnojib30Baionj;eM caMOJieTa-JiaßopaTopHH 3Toro KOjijieKTHBa, a Taicace 
o6pa3Hbi oojieraeHHbix 3epKaj[bHbix aHTeHH, co3,n;aHHbix B OKB M3H 
no3BOjiHJiH npncTynHTb K pa6oTaM no peajiH3anHH 3Toro npoeicra. 
HojiyqeHbi TaKace nojioiKMTejibHbie pe3yjibTaTW B pa3pa6oTKe arceiopoHHO- 
onTHHecKon KaMepbi fljia MKA B AO JIOMO H rYTI 011T3KC. 
Pa3pa6oTKH 3THX KOJiJieKHBOB BbinojiHeHHbie B npemuecTByEomne rozia H 

HOBbie TexHOJiornn, B nacTH, co3flaHne o6ner*ieHHbix BbicoKO-KaMecBeHHbix 
3epKaji H onTHKo-ajieKTpoHHbix npeo6pa30BaTejieii Ha aneMeHTax 
oreMecTBeHHoro npOH3BOflCTBa no3BOJifliOT co3flaTb cncTeMy c napaMeTpaMH 
npeBbimaiomHMH 3a«BjieHbie 3apy6e*HbiMH pa3pa6orraKaMH. 

BopTOBoii KOMraieKc ynpaBJieHHfl MKA H CHCTCM nepeaaqn 
mnpoKonojiocHOH HH(popManHH HMeeT Heo6xozi;HMbiM TexHircecKHH 3&JICJI B 

PHHHKI1,    npHHeM    Ha    3TOH    ocHOBe    co3flaeTca    HHTerpHpoBaHHaa 
KOMaHZIHO-HHCpOpManHOHHafl CHCTeMa C BbICOKHMH TeXHHHeCKHMH H 
BeCOBblMH XapaKTepHCTHKaMH. 

Ha ocHOBe HMeiomeroca npn6opHO-annapaTHoro 3a,n;ejia HHH3M 
BeaeTca pa3pa6oTKa cncTeMbi ynpaBjieHira flBHHceHHeM MKA. 

OflHOBpeMeHHo B HÖOMauiHHocTpoeHHa B coapyacecTBe 
TEXHOMALÜ Be,n;eTC5i pa3pa6oTKa HOBOH TexHojioraH HenpepbiBHon 
cöopKH H HcnwTaHHH MKA, KOTOpaa no3BOjiHT peajiH30BaTb noTOHHyio 
cÖopKy HcnbiTarow iuiaTcpopM MKA n nojie3Hbix Harpy30K. 
HTO KacaeTCii MKA CBJOH, TO Ha <poHe npaKTEraecKon MOHonojinn 
3anazmbix KOMnamm Ha pbiHKe CBM3HMX ycjiyr c Hcnojib30BaHHeM 
cnyrHHKOB CBK3H Ha GEO, MEO n LEO, pa3pa6aTbiBaeMMM Haraeö 
Koonepannen TpaHcnopTHaa CHCTeMa Ha ocHOBe paKeTbi-HocHTejia 
"CTpejia", pa3roHHoro ÖjioKa H sjieKTpo-peaKTHBHOH ^BHraTejibHon 
ycTaHOBKH MKA, ocHameHHbix TpancnoHflepaMH pa3pa6oTKH PHHHKn, 
HMeeT   CBOK)   HHUiy,   KaK   ^onojiHHioinaa   CHCTeMa   CBH3H   pa3jraqHoro 

B.BHTep H Ap. 



Ha3Ha*ieHHH. HTOK MHpoBaa KOHbioHKiypa B oÖJiacTH MKA npaKTiraecKH 
onpeaejiHJiaci,,      Hanani      HHTeHCHBHas      peajrasamra      nepcneKTHBHbix 
KOCMIWeCKHX     CHCTeM,     KOTOpbie     Ü03BOJMT     y>Ke     B     ÖJIIDKaHIUHe     TOHM 
KOHTpo^HpoBaTb pbfflOK KOCMiwecKHX ycjiyr. KoCMHHeCKaü 
npoMbiiiuieHHocTb POCCHH, B ee HbraenmeM COCTOHHHH cnocoÖHa npn 
yMepeHHbix saTpaTax cowan, KOHKypeHTHO-cnocoÖHbie MKA B 

O6JI
<*CTH 

#33 H CBH3H. Koonepamia npeflnpiWTHH HIIOMAIII, AO JIOMO, 
MHHHÜ, PHHHKH, HHH3M, , AB3KC Beflymaa paapaÖoTKy npoeiera 
MKA Ha HHnHaTHBHoft ocHOBe roTOBa K ero peajiHsauHH c napaMeTpaMH 
n03BOJI5IIOmHMH  KOHKypHpOBaTb  C  BeflymHMH  MHpOBHMH  pa3pa6oT*IHKaMH 

KA. 
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"Severnaya Korona" 
The present level of space  technologies at the beginning of a new 

mülenium permits commercial use of spacecraft (SC) not only in 
communication systems but also in production of special materials, Earth 
remote sensing (ERS),   navigation and even scientific research. 

The most part of newly designed systems foresee significant spacecraft 
groups located on different orbits. Thus, satellite communication super- 
systems at LEO, MEO and even GEO that are being created foresee the 
use of spacecraft in the system in quantities from several dozens up to 
several hundreds. A similar trend is being materialized in new systems of 
the Earth  remote   sensing (ERS) where observation complexes are 
developed based upon small-size space craft (SSC) with 4, 12, 24 and 48 
satellites. It should be noted that the deployment time of these systems is 
not years but is extremely limited. Satellite navigation systems are similar 
in terms of a number of spacecraft. 

With all efficiency of the above-mentioned systems, we can see great 
expenditures for their development, orbit injection using expensive 
launch vehicles and also for the control of these gigantic systems. 
Therefore, even for developed and economically stable states when 
significant infrastructure of the society has been linked with space 
services, sharp reduction of expenditures is a focal point for conquering 
and retaining the world market of space services. 

The search for the newest space technologies capable of simplifying 
and reducing the cost of space platforms, dedicated payloads and launch 
vehicles is the main goal practically in all Western space projects -from 
the International Space Station and military systems up to a commercial 
ERS project as well as university space experiments. When commercial 
firms became involved into the race of conquering the ERS and 
communication market, this process accelerated substantialy. 

The use of small-size spacecraft practically in all projects became the main 
direction in the attempt to save expenditures. SSC is a natural radical 
change in the technology determined by achieved technological 
perfection of subassemblies, instruments and systems the efficiency of 
which is equal to already operational systems. 



The US spurt toward wide use of SSC is associated with involving 
comercial firms into the space activity under strict government control. 
The Lights AR system can be called a pioneer project of this field. It is 

being developed under initiative of NASA with involvement of commercial 
funds. This project is aimed at achieving very high resolution (lm) in the 
SSC radar system and also at conquering the emerging market of high- 
quality radar information. Big development contractors of space 
platforms, radar systems and also companies that process and distribute 
space data such as Ball Aerospace, Boeing, Huges, Lokheed Martin, 
Raytheon, CTA and others took part in the tender. The LightSAR project 
stirred the US military industry into development of new ideas for military 
reconnaissance - organization of high-resolution continuous observation 
with the help of a satellite constellation consisting of 12, 24 or 48 craft. It 
should be noted that the LighSAR and Starlight projects plan to use a 
satellite of a mass about 800 kg. 

If LightSar or Starlight-type small spacecraft are becoming competitors of 
a multi-ton super-high-tech radar reconnaissance satellite Lacrosse, Iconos 
satellite designed by Orbital Imaging Corp. can be considered as a direct 
challenge to traditional technology of creating satellites for electro-optical 
observation in recent years with a mass of several tons. Iconos with its 
mass of 800 kg will provide resolution of ~1 m in the panchromatic band 
and 
~ 4 m in multispectral bands. Within two years, there will be four such 
satellites. 

There are at least two common features in the above-listed projects: small 
spacecraft mass and multiple satellites on orbits. Implementation of these 
new features in ERS systems as well as in new communication systems 
being created on GEO, MEO and LEO has become possible due to 
introduction of a "car assembly technology" in aerospace industry with 
production flow technology of assembly, checkouts and preparation for 
pre-launch operations. 

A new class of small lifting capacity launch vehicles that has appeared on 
the marketplace is an adequate response to development and introduction 
of new technologies of small-size spacecraft. 

Without going into deep analysis of the situation in the Russian aerospace 
industry and, in particular, in the area of ERS where traditionally 
spacecraft were launched by medium class LVs and the task of achieving 
the best possible resolution was not a top-priority task, nevertheless we 
can state that entry into the ERS market with such technologies will be 
extremely difficult because of high cost of spacecraft and LV and practical 



impossibility of creating a system consisting of multiple spacecraft for 
prompt data reception. 

But even in this difficult for Russia period there is a chance of using the 
technology of small spacecraft for ERS and communication in order to 
occupy a considerable niche on the world market of space services. 

The first condition to start this process already exists: there is in Russia 
sufficient quantity of light and medium class launch vehicles converted 
from ICBMs decommissioned because of different reasons. This quantity 
will guarantee in the coming decade, with minimum costs, launch services 
for any ERS project based upon spacecraft of a mass ~ 1,000 kg. 
Successful developments of Russian designers (Fakel Design Bureau, 
TsNITMASH, N1TMASH) allow to create a new space transportation 
system for "slow" putting communication spacecraft of a mass of 500 - 
1,200 kg to the geosynchronous orbit. This is a good chance for Russia to 
make a breakthrough in the small spacecraft technology, and this chance 
must not be missed. 

Current technologies in the aerospace industry allow to create, within the 
next two or three years, a universal space platform for ERS satellites with 
a mass of 800-850 kg. A synthetic aperture radar with a resolution close to 
1 m can be a good payload for such spacecraft. Technical heritage of 
MNIIP (NPO Vega M), available experimental data collected during 
flights of a flying aircraft laboratory as well as Hght-weight mirror 
antennas created in OKB MEI have allowed to start implementation of this 
project. 

Positive results have also been obtained in LOMO Open-type Joint Stock 
Company and in OPTEX State Unitary Enterprise in development of an 
electro-optical camera for the small spacecraft. Technological heritage of 
these companies and as well as new technologies of creating light-weight 
high quality minors and electro-optical transformers based upon domestic 
components allow to create a system with characteristics higher than those 
claimed by foreign designers. 

RNIIKP has necessary expertise and technological heritage to create the 
spacecraft onboard control complex and wide-band data transmission 
system. An integrated command and information system with high 
technical and weight characteristics is being created based upon this 
heritage. NIIEM is developing the spacecraft motion control system on the 
basis of its technological heritage. 



Simultaneously, NPO Mashinostroyenia in partnership with INPROMASH 
is developing a new production flow technology to assemble small 
spacecraft platforms and payloads. As concerns small spacecraft for 
communication purposes, in the situation of practically total dominance of 
Western companies on the market of communication services using 
communication satellites on GEO, MEO and LEO, a transportation system 
being developed by our company together with a subcontractor network on 
the basis of Strela LV, an acceleration unit and an electric rocket 
propulsion plant of the small spacecraft equipped with RNIIKP-developed 
transponders has its niche as a complementary communication system for 
various purposes. 

So, the world market of small spacecraft is clear, implementation of new 
space systems has begun and they will in the near future dominate on the 
market of space services. 

Russian space industry in its current state is capable, with moderate 
expenses, to create competitive small-size spacectaft for ERS and 
communication. 

An NPO Mashinostroyenia-led subcontractor network that includes 
LOMO, MNIIP, RNIIKP, NIIEM, AVEX and that is developing, using 
internal funding, a project of a small spacecraft is ready for its 
implementation with characteristics that will allow to compete with 
world's leading developers of small spacecraft. 



Majiwe KocMiraecKHe annapaTW AJIH nepcneKTHBHOH 
PoCCHHCKOH KOCMIPieCKOH CHCTeMH MOHHTOpHHra 

KJiHMaTa, npHpoflHOH cpeflM H oKo^o3eMHoro KocMHraecKoro 
npocTpaHCTBa B ecTecTBeHHbix ycjioBHMX H npH 

aHTpOnoreHHBIX B03fleHCTBH5IX 

C.H.AB^IOIÜHH, KXA.PoMaHOBCKHH, r.O.TyjiHHOB 
PocnmpoMeT, HHCTHiyr npHKjiajjHOH reo(pH3HKH 

HMeHH aKazjeMHKa E.K.<DeflopoBa 
129128, MocKBa, PocroKHHCKaü yji:., 9 

B AOKJiaae npeacTaBJieHbi pe3yjibTaTbi aHajiH3a Hcnojib30BaHHH MOJIBIX 

KocMiraecKHX annapaTOB (MKA) pjw rejiHoreo(pH3HqecKHX HccjieflOBaHHH H 

MOHHTOpHHra   aTMOC(pepM,    030H0C(pepbI   H   OKOJI03eMHOrO   KOCMEReCKOrO 
npocTpaHCTBa B ecTecTBeHHbix ycjioBHflx H npH aHTponoreHHBix B03flen- 
CTBHÄX. Ha ocHOBe cHCTeMHoro noflxofla onpe,a;ejieHbi pa3jiHHHbie npHJio- 
aceHHfl H "HHIHH" Hcnojib30BaHH5i MKA B nepcneKTHBHbix onepaTHBHbix 
poccHHCKHX KocMiraecKHX cHCTCMax Ha6jno/j;eHHfl npnpoflHOH cpeflbi. Pac- 
cMOTpeHbi cxeMa H CTpyKiypa 6yzjymeH KocMHHecKOH cHCTeMbi MOHHTO- 
pHHra npHpooHOH Cpeflbi c Hcnojib30BaHHeM MKA. OnpeflejreHbi OCHOB- 

Hbie TpeooBaHHH K MKA-ruianpopMaM, cjiyaceÖHWM cncreMaM H annapary- 
pe. PaccMOTpeHbi MeTO/Jbi H annapaTypa fljra npüMbix H3MepeHHii H flHcraH- 
HHOHHbix HaejiiofleHHH. Ha3eMHbiH cerMeHT CHCTCMH BKJHo^aeT TjiaBHbiH 
npneMHbiH nyHKT, IJemp o6pa6oTKH, a Taicace cncTeMy pacnpe/jcjieHHbix 
npneMHbix   CTaHHHH   nojib30BaTejiefi   HHcpopManHH.    IIpoaHajiH3HpoBaHbi 
B03M05KHOCTH      HaHHOHajIbHHX     KOHCTpyKTOpCKHX     H      npOH3BOflCTBeHHMX 
npeflnpHHTHH ana oÖecneneHira paapaGoTKH, npoH3Bo/icTBa H aKciuiyaTauHH 
MKA B nepcneKTHBHbix onepaTHBHbix KOCMKraecKHx cncreMax MOHHTOpHH- 
ra npHpoaHOH cpe^bi. OxapaKTepH30BaHbi ÄeMOHCTpannoHHbie npoeKTbi c 
HcnojibioBaHHeM MKA ansi HccjienpBaHHH, HcnbrraHHH H nojiyqeHira "nojj; 
KJIIOq"   n0JIb30BaT6JIflMH  HHCpOpMaHHH   O   COCTOÄHHH   KJiHMaTa,   npHpOflHOH 
cpe^bi B ecTecTBeHHbix ycjioBHHX H npH amponoreHHbix B03fleHCTBH5ix. 

CABZHOIUHH 



Small Spacecrafts for Perspective Operative Russian Space Systems for 
Climate, Environment and Near Earth Space Monitoring in Natural 

Conditions and Under Antropogenic Impact 

S.I. Avdjushin, Y. A. Romanovsky, G.F. Tulinov 
ROSHYDROMET, Fedorov Institute of Applied Geophysics, 129128, 

Moscow, Russia 

In the report are presented the results of investigation carried out to 
analyse usage of small spacecraft (SS) for hliogeophysical investigation and 
monitoing the atmosphere, ozonosphere and near Earth space (NES) in 
natural conditions and under anthropogenis impact. Using system analysis 
are determined different applications and "niches" of SS in the perspective 
operative Russian space systems. The scheme and structure of future space 
systems including SS and modified ground segment are considered. 
Requirements to capabilities of SS-platforms, on board service and diagnostie 
instrumentation are specified. A spacecraft methods and instruments for 
direct measurements and remote sensing of the atmosphere, ozonosphere and 
NES are considered. The ground segment of the system includes not only 
Main Reciving and Processing Center but distributed system of user receiving 
station The possibilities of national design and industry organizations fo 
development, production and exploration of SS within perspective space 
system are analyzed. The demonstartive project of SS missions for 
investigation, testing and "key-turn" transter users new information 
technologies on climate, environment and anthopogenic impact are proposed 
and discussed. 
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OCHOBHME nPHHipnM   nOCTPOEHHÜ H ÜPOBJIEMH C03flAHHfl 
CPE#CTB   flHCTAHHOHHOrO   30H,HHPOBAHJra   B OITOWECKOM 

AHAIIA30HE B KOCMOCE 
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Co3ÄaHHe H BbiBe^euHe & KOCMOC 6ojit.moro KOJiHHecTBa KOCMHiecKHx anna- 
paroB (KA) rpa^aHCKoro H BOCHHOFO Ha3HaHeHHH, HBjraoinHxcfl noTeHUHajibHbiMH 
HCTOHHHKaMH TexHoreHHbix KatacTpo4> pa3JiHHHoro MaciuTaöa, oöycjioBJiHBaer aK- 
xyajibHOCTb HajiHHHs y crpaH MHpoBoro coo6mecTBa cneuHaiibHbix KOMnjieKCOB Tex- 
HHHecKHX cpe^CTB äJWI ocymecTBJieHHH, np« HeoöxoanMocTH, aBTOMaxHHecKoro m- 
CTaHUHOHHoro AerajibHoro 30HflHpouaHHH KA. 

Hcnojib30BaHHe AUS aerajibHoro 3OH£Hp0BaHHs aBapHHHbix KA nHJioropye- 
Moro annapaTa Tuna "EIaT.n" Moacer 6biTb 3aTpyaHeHO no cooöpaaceHHHM 6e3onac- 
HOCTH, a TaKüce Moacer He oTBenaTb xpeßoBaHHro BbinojiHeHHa onepauHH 30H£HpoBa- 
HHa B HeoßxoflHMbte oneHb orpaHHneHHbie cpoKH. HeMajiosaacHbiM ^aicropOM, KO- 

Topbifi Taicace ÄOJiaceH yHHTbraaTbCH npn Bbiöope cpe^CTB 30HflHpOBaHH», »BJUHOTCH 

CTOHMOCTH HeoöxoflHMoro KOMiuieKca TexHHHecKHx cpeacrB H pa6oT no npoBe^e- 
HHK) OnepaUHH 30H,H;HpOBaHHH. 

npeflCTaBjiserca nejiecoo6pa3HbiM co3«aHHe cnenHajibHoro MajiOFO cnyTHH- 
Ka, Ha KoropoM pa3MemaercH OTAejiaeivioe aBTOManiHecKoe cpencTBO flHcraHnHOHHo- 
ro AerajibHoro 30HflHpOBaHM KOCMHHCCKHX annaparoB (C,n3KA) c coöcTBeHHbiMH 
HH$OpMaHHOHHHMH ICaHaJiaMH H Q06CTBeHHOH CHCTeMOH OpHeHTaHHH H MaHeBpHpo- 
saHHS. Cfl,3KA nocjie ormnmwi OT Maraoro cnyTHHKa oeymecTBjiaer cöJMHceHHe c 
HHcneKTHpyeMbiM KA H nepe#aqy HHtpopMauHH Ha penrpaHCJiaTop. Ha MajiOM cnyr- 
HHKe pa3Meinaercfl CHCTeiwa >KH3Heo6eeneHeHHH C.33KA, Henojib3yeMa» ao ero OT,ne- 
jieHHH OT cnyTHHKa, H annapaxypa npncMa no paziHO HH^opManHH c C,fl3KA H nepe- 
aaHH ee Ha 3eMjno HJIH KA - HocHTejib Manoro cnyTHHKa. BWBOä TaKHx Majibix cxiyr- 
HHKOB c CJS^KA Ha 6opTy B 3a^aHHbifi pafioH MTOKCT ocymecTBJWTbca, B 3aBHCHM0CTH 
OT B03HHKHieH CHTyaUiHH, C   3CMJ1H C nOMOIDbK) HeÖOÄbHIOH paKeTbl-HOCHTeJIH HJIH flO- 
CTaBJMTbCH HHjioTHpyeMbiM annapaTOM HJIH HaxoflHTbca Ha 6opTy KOCMHHCCKOH CTaH- 
HHH H OTfliejiaTbCH OT Hee B TpeöyeMbiH MOMCHT. B nocjie/jHeM onynae Majibifi cnyrHHK 
C Q33KA  MOaceT  HCII0JIb30BaTbCfl H «JIH  OljeHKH COCTOHHHK CaMOH CTaHHHH. 

B HacToamee BpeM» oTcyTCTByer He TOJibKO HeoöxoflHMbiH KOMHjieKC Tex- 
HHH6CKHX cpeflCTB, HO H npo6jieMa aBTOMaTHHecKoro «HCTaHUHOHHoro AerajibHoro 
30HÄHpoBaHHH B nejiOM HaxoflHTCfl B CTaflHH KOHnenTyajibHOH npopaöoTKH. fljia pe- 
ineHHe «aHHOH npoÖJieMbi, B CHJiy ee BHCOKOH CJIOMCHOCTH H HeoöxoÄHMbix 
3HaHHTeJibHbix 3aTpaT, HeoöxoÄHMo npHBjieneHHe paaa Beflymnx crpaH wnpa. 

B «aHHofi npo6jieMe B HacToamee BpeMH MOMCHO Bbwenmb cjieAyromne OCHO- 

BonojiaratoinHe 3aflaHH: 
^opMyjiHpoBaHHe KOHnenTyajibHbix TpeöoßaHHH K cBOHcraaM H napaMerpaM, 

KOTOpbIMH flOJKKeH OÖJKWaTb KOMnjieKC TeXHHHeCKHX CpeflCTB   aHCTaHHHOHHOrO 30H- 
AHpOBaHHH, Bbiöop cxeM ^ocTaBKH Majioro cnyTHHKa c C^3KA; 

CMHPHOB B. B., KopoTKOB O. B. 



noHCK om-HMajibHOH coBoicynHOCTH ocHOBonojiaFaiomHX xexHHnecKnx peme- 
HHH no nocrpoeHHK) aaHHoro KOMiweKca c ynexoM peajmsyeMocxH B npneMJieMbie 
cpoKH H orpaHHHeHHH Ha BbwejraeMwe pecypcbi; 

peuieHHe KjnoneBbix HayHHO-xexHHnecKHX H xexHOJiorniecKHx npoÖJieM no 

peajiH3annH. „ 
Bee Tpn aaaaHH Haxo«axcfl B pasjiHHHbix exasnax tisynenasi H pemennfl. iio- 

jiynaeMbie B nponecce pesyjibxaxw Moryr oKasbrnaxb Bsammoe BJiroume Ha npnHH- 
MaeMbiepemeHH« no neperocjieHHHM -aawwaM. Ilocjie HX pemeHHa Moacex §bixb 
pasBepnyra nojraoMacnrra&Hw paspaßorea. B ÄOKjiaae paccnaxpHBaioxca BOSMOK- 

Hbie peuieHHH Bxopofi saaa™ B npHMeHemiH K COöCXBCHHO CA3KA. 3xa o&y^JiOB- 
jieHO HajiHHHeM y npeÄnpraxHH, Koxopoe npeflCxaBJiarox aBxopw, HaynHO- 
TexHHnecKoro 3a«ejia no aaHHOMy HanpaBjieHHio. 

B CHJiy xoro, HTO see nepenHCJieHHbie stwa«« Haxoflaxca B nponecce pemeHHH, 
B aoKJiaae paccMaxpraaexcst floenrroHHO umpoiaw coBOKynHOCTb xexHmecKHX nofl- 
xoaoB H3 ycjiOBHa nepeKpbrraa npefljiaraeMHMH cxeMaMH nrapoicoro ananasoHa ao- 
CTH>KHMbix BbixoÄHbix napa&ferpoB Cfl3KA. 3xo noasojiaex peajnraowmr nponecce 
KOMiuieKCHOH oirranoamiH no npo6jieMe B UCKOM H Bbi6opy xexHmecKHx pemeHHH H 

napaiwexpoB B naexHoexH c ynexoM umpoKon coBOKynHoexn 4)aKropoB. 
BpaMKax npeaJiaraeMoro «OKJiaaa pacCMaxpHBaioxca cpeacrea 30Hfl«po- 

BaHHH o6ecneHHBaiomHe nojiyneHHe B nponecce c6jra>KeHHa c HHcneKrapyeMbiM O6T>- 

eicroM BH^OByio mufropMamiio B HecKOJibKHx ananasoHax onxHHecKOro cneicrpa H3- 
jiyneHHJi (BHAHMWH, yjibxpacJmojiexoBbiH, HH^paKpacHbiS c «uya« noaaHanasonaMH) 
c jiHHeftHbiM paspemeHHeM no CäHHHH caHXHMexpoB H nepeaa^y ee Ha pexpaHCjwxop. 

B KanecTBe ocHOBonojiaraiomero ycjioBH» 6MJIO npHHJixo, HXO Ha Hocnxejib, 
He ÄOJI5KHO HHKJiaflHBaiwM xpeooBaHHH ooecneneHHa BMCOKOH XOHHOCXH BbiBOfla 
C#3KA B 3aÄaHHbifi pafioH H wajibix. CKOpocxefi cöjmaceHHa. no MHCHHIO aBTOpoB 
npHeMJiHMbiMH6yAyTTpe6oBaHHanoTOHHOCTHBbiBOÄaÄ0 10 KM H cKopocm CöJIH- 

acemra «o 4 - 8 KM\C B 3TOM cjiynae He noxpeoyexca anwreiibHoe MaHeBpnpoBaHHe 
HOCHTejw nPH   noflxoflfr.   npHBeaeHHbift ypoßenb xpeooBaHHH nosBOJiaex   CHWSHXB 

CTOHMOCTb peUieHHH MflJWH HHCneKTHpOBaHHH nPH   yCJTOBHH   C03flaHIM   OTHOCHTeJIb- 
HO aeineBbix MajioraöapHXHbix C#3KA c Heo6xoaHMbiMH CBOiicxBaMH. 

KjiiOHeBOH xexHHMecKH npoÖJieMOH cosaaHHfl CA3KA HBJiaexca noJiyneHHe BH- 

ÄeoH3o6paaceHHH c BHCOKHM yraoBHM paspemeHneM npn cSjiH^eHHH c HHcne^KTO- 
pyeMbiM annapaxoM no onenb MHJIMX aaJibHOCxefi npn ÖOJibiiiHx CKopocxax H 

HanajibHbix npojiexax:. fljunwe ycjioBH* Bbi3biBaK>x sHaHHxejibHbie yraoBbie CKopocxn 
jiHHHH BH3HPOBaHHH H cooxBexcxBeHHO "cMas" H3o6pa>KeHHH. An« xopoiiiero KaHecxBa 
BHAeoH3o6pa3KeHHH xpeÖyexca oöecneHHXb CKopocxb JIHHHH BHSHpoBaHH« He 6ojiee 
0 1-02 rp\c. 3xoro MOSKHO ÄOCXHHb, ecjin CHcxeiwa ynpaßjieHHH CA3KA ooecnennx 
B nponecce cÖJiHJKeHHH CHHaceHHe na^ajibnoro npojiexa no emam MexpoB e FapaH- 
xnpoBaHHbiM npOMaxoM npH npojiexe MHMO HHcneKXHpyeMoro KA. 

AHaJiH3B03M0>KHHX nyxefi nocrpoeHHiiCfl3KAnoKa3MBaeT,im>H3BceroHX 
MHoroo6pa3HH Moryx 6bixb awweneHM KaK oÖmne AJM 6oju.raHHcraa cxeM npHHnnnbi 
nocxpoeHHa, xaK H ajibxepHaxHBHbie. 

Ko6ntHM npHHnnnaM Moacex 6wxb oxHeceHo: 
Hcnojib30BaHHe onxHnecKHX KanaJioB, Kaie Hanoojiee HH^opMaxHBjibix; 
npHMeHeHne peaicniBHMx ÄßHraxejibHbix ycxaHOBOK c HMnyjibCHbiM pexHMOM 

paöoxbi H HeperyjinpyeMOH xarofi, KaK HaH6ojiee npocxbix B peajiH3anHH. 
K ajibxepHaxHBHbiM npHHnnnaM nocrpoeHiw, o6ycjioBjiHBaromHM noaBjieHne 

saMexHO oxjiHnaiomHxca cxeM nocxpoeHH», MOJKHO oxHecxn cjieayiowHe: 

CMHPHOBB. B., KopoxKOßO. B. 



npHMeHCHHe naccuBHoü cTa6HjiH3aHHH B npocrpaHCTBe BpameHHeM HJIH aK- 
THBHOH cra6HjiH3auiHH c noMombio MHKposBHraTejie8; 

Hcnojib30BaHHe B Kaiecrae flBHrarejibHOH ycTaHOBKH MaHeBpnpoBaHHa Bpa- 
maiomeHCH ycraHOBKH c ynpaBJieHHeM B nojiapHOH cHcreMe KOOpÄHHar HJIH Heßpa- 
maiomeöca ycTaHOBKH c ynpaBJieHHeM B aeicapTOBOH CHCTeMe KoopÄHaaT; 

Hcnojib30BaHHe HHtpopMannoHHO-ynpaBjiaiomeH cHcreMbi c CO6CTB6HHOH 

CHCTeMofi rHpocTa6HJiH3attHH HJIH Hcnojib30BaHHe e«HHOH fljia BCCFO C#3KA CH- 

CTeMbi cra6HjiH3aHHH H ycraHOBKa oirraHecKHx KaHajiOB HenocpejiCTBeHHO Ha Hecy- 

myio paMy; 
npHMeHeHne 4>OTonpHeMHoro ycrpoHCTBa («MIY) c jiHHeHHaTOH HJIH Ma- 

THHHOH CTpyKTypOH. 
CymecTBeHHoe BJinaHHe Ha OöHHK nepexBarnHKa H ero BOSMOKHOCTH OKa3bi- 

BaeT TaKace Bwöop B KanecTBe pa6oqnx «HanasoHOB mwpopMauHOHHoro cpeßCTBa BH- 

AHMoro HJIH Y<$> flHanaisoHOB c HeBbicoKHM ypoBHeM oxjiaaweHH« <W1Y HJIH HK ana- 
na30Ha c ray6oKHM oxjiaac^eHHeM HJIH HX KOMÖHHauHH. 

npOBeaeHHbie nccjieaoBaHHa no3BOJiHjiH BbiflejinTb Tpn ocHOBHbix cyme- 
CTBeHHO OTJiHHaiomHeca 6a30Bbix cxewbi, KOTopbie MoryT 6brn> npHHHTbi 3a ocHOBy 
npn co3flaHHH C#3KA. 3TH cxeMM nocrpoeHbi »a ocHOfie opraHHHHO 
co^eTaiomHXCH TexHHnecKHX pemeHHH H HMCIOT CBOH O6JKICTH npeanoHTHTejibHoro 

npHMeHeHH». 
TJepBaa 6a30BaJi cxeMa xapaKTepHsyerca HcnojibsoBaHHeM cjieayiOHjHx OCHOB- 

Hbix npHHUHnoB noerpoeHHsi (puc. 1 a): 
peajiH3aHHH Hecymen KOHCTpyKHHH B BH«e «ncKa c 6ojibinHM nojiapHbiM MO- 

MeHTOM HHepinfli, B HeHTpajibHOH nacra KOToporo pacnojiaraerca HH<popMauHOHHO- 
ynpaBjiaiomaa cncreMa, a Ha nepH<pepHHHOH nacra ÄBHraTejibHaa ycraHOBKa; 

ocymecTBjieHHe CTa6HjiH3auHH B npocTpaHCTBe BpameHHeM Bcefi KOHCTpyK- 
HHH OTHOCHTeJIbHO npOÄOJIbHOH OCH C MaJIOH HaCTQTOÖ; 

HCnOJIb30BaHH€ JJJia MaHeBpHpOBaHHa TBepaOTOnJIHBHOH flBHFaTeJIbHOH ycra- 
HOBKH B BHjj;e KOJibHeBoro Haöopa MHHHanopHbix HMnyjibCHbix ABnraTejieii; 

npHMeHeHne «Jia 3a«an HaBeaeHHa H 30H3HpoBaHH» eflHHon BMCOKOTOHHOH 

onrHKO-sjieicrpoHHOH MHorocneKTpanbHOH HHopManHOHHo-ynpaBjiaioiiteH CHCT^M« 

(yO,Bft HK) C MHOr03JieMeHTHbIMH MaTpHHHbIMH «MW H COÖCTBeHHOH BMCOKO- 
TOHHOH TpexcTeneHHoB CHcreMOH rHpocTaÖHjiH3aHHH. 

K HHCJiy ÄOCTOHHCTB flaiKHOH CXeMbI MOHCHO OTHeCTH   peaJIH3yeMOCTb Ha   CO- 
speMeHHbix TexHOJiornax H HanHHHe aocTaTO^HO 6OJIMHOFO 3aaejia no KjnoneBbiM 
TexHOJioraaM, 6e3onacHOCTb H HaaeMCHOCTb, OTcyTCBHe cneHHajibHbix acecncHX Tpe- 
6oBaHHH no ooecneneHHH 3KOJiorH«iecKHx Tpe6oBaHHH npn npH3eMHbix HcnbrraHHax 
C BKJHOHeHHeM JJBHrareJIbHOH yCTaHOBKH. 

OcHOBHbiMH npoÖJieMaMH npn paapaooTKe C,33KA jjaHHoro THna aßjiaioTca: 
o6ecneneHHe BMCOKOTOHHOTC) ynpaBjieHHa B ycjiOBHax äCHCTBHH yaapHbix H 

BHÖpanHOHHbix Harpy30K, Bbi3biBaiomHX nepeiwemeHHe H3o6paaceHHa no 0nY; 
aocTHHceHHe Heo6xoAHMoro 3anaca pacnojiaraeMOH xapaKrepHCTHiecKOH CKO- 

pocTH npn npHeMjieMofi Macce H ra6apHrax; 
oöecneneHHe Heo6xoÄHMoro 6biCTpojj,eficTBHH UH(J)pOBOH o6pa6oTKH H3o6pa- 

»ceHHH H BbipaßoTKH KOMaHA ynpaBJieHHH B peajibHOM BpeMeHH. 
fl,aHHbie npo6jieMbi B Haeroamee BpeMa MOryr 6wTb peineHbi pemeHbi. 

IlpoeKTHo-KOHCTpyKTopcKHe npopa6oTKH  noKa3ajiH,  HTO  Moacer 6brn> co3«aHO Ha 
coBpeMeHHbix TexHOJioraax Bpamaiomeeca CA3KA c TBepflOTonjiHBHOH MHoro«BHra- 
TejrbHoS 3HepreTHqecKOH ycraHOBKOH Maccofi 17-20 Kr H 3anacoM xapaKTepHCTHHec- 
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KOH    CKOpOCTH    OKOJIO    300    Wc,     CHOCOOHOC    BblÖpaTb    HeCKOJIfaKO    KHJIOMCTPOB 
HananbHoro npojieTa H o6ecneHHTb nepeflany BHäOBOH HH<j)OpMauHH npn acopocrax 
c6j«wceHiw «o 4-5 KM/C. Macca o6ecneHHBaiomHx ycTpoficTB (nycKOBaa ycraHOBica, 
CHcreMa oxsiSßKjtßnwi), oCTaiomrocca Ha 6opTy cnyraHKa, oueHHBaerca Ha ypoBHe 10 - 
15 Kr. BojitmoH ÄHana30H 3HaneHHH Maccu oÖycjiOBjieH pa3jn«HbiM BO3MOMCHHM Ha- 
6opoM HH^opMaHHOHHBix KaHajiOB. MeHbraee 3HaneHHe cooTBeTCTByer nanwivao 
TOJibKO onTHKO-ajieKTpOHHoro KaHauia BH^HMoro HJIH yjibTpa<f>HOJieTOBoro #Hana30- 

Ha. 
K He^ocTaTKaM flaHHofi cxeMbi cnepy&r OTHCCTH: 

pe3Koe BcapacraHHe Maccbi npH yBejinneHKH 3anaca xapaKrepHCTHHecKOH CKO- 

POCTH 6ojiee 300 M/C, HTO Tpeöyerca npH HanajibHbix npojierax öojihme, HCM 2-3 
KM; 

npoÖJieMaTHHHocTb aocraaceHHa BMCOKOH TOHHOCTH HaBe^eHHa npa SojibUiHx 
CKOpocTax c6jiHaceHiw (6ojiee 4-5 KM\C) H3 3a HanHHHa ynpyrax ae4)opMauHH B rapo- 
CKonH^ecKOM cTa6juiH3aTope Meacfly  orrranecKOH  CHCTCMOH H (jxyronpneMHbiM ycr- 
POHCTBOM npH flefiCTBHH He3aTyxaK)Ifl,HX HHTeHCHBHHX BHÖpOyflapHblX Harpy30K, Bbl- 
3BaHHbix paöoTOH ÄBHraTejibHOH ycTaHOBKH; 

ÄOCTaTOHHO   BbICOKyK)   KOHCTpyKTHBHytO   CJIOJKHOCTb      peaJIH3aUHH   CHCTeMbI 
oxjiaacAeHH« HK Kanajia H sjieKTpmecKHx no^BOflOB nepe3 Kap^aHOBbifi noflßec CH- 

creMbi rapocraOHjiHsauHH; 
npoöJieMaTHHHOCTb Heo#HOKpaTHoro onepaTHBHoro H3MeHeHHa opHeHTaiuffi 

C/J3KA B npocrpaHCTBe. 
B-ropas 6a30B,aa cxeiwa ycrparwer HeaocTaTKH nepBoii cxeMbi H npHHHHnHaJib- 

Ho OTjiHHaercH cjiesyiomHM (pnc. 1 6): 
BbinojiHeHHeM Hecymefi KOHcrpyKUHH B BH^e craÖHinöHpoBaHHOH HeBpa- 

maiomeHCK B npocrpaHCTBe Hecymefi roiar^opMbi, Ha KOTOpofi Kecnco MOHrapyeTca 
HH(popMauHOHHO-ynpaBJi5öomaa CHcreMa, flBHrarejibHaa ycraHOBica MaHeBpHpoBaroia 
H cHCTeMa opaeHTaHHH H cra6MjiH3auHH (COC) Ha MHKpoflBHrarejiax; 

HCKjnoHeHHeM H3 cocTaßa HHCpopManHOHHo-ynpaBJisiomeH cHcreMbi COöCTBCH- 

HOH cHcreMbi rHpocTa6HjiH3amHH c KapjiaHOBbiM noflBecoM H npeflbaBJieHneM BM- 

COKHX TOHHOCTHbDC Tpe6oBaHHH  K HCTCMe CTa6HJIH3aUHH njiaT(J)opMbi; 
Hcnojib30BaHne BMecTo TBepÄOTonjiHBHOö MHoro ÄBHraTejibHofi Bpa- 

maiomeßcH  ycraHOBKH MaHeBpHposaHHa JKHAKOCTHOH qerbipex ABHrarejibHOH ycrra- 
HOBKH. 

K OCHOBHHM   npeHMymeCTBaM   flaHHOH CXeMbI M03KHO OTHCCTH B03MO»CHOCTb 
co3AaHHH QH3KA c öojibiHHMH B HecKOJibKO pa3 Bbi6HpaeMbiMH npoMaxaMH npH 
MeHbinen Macce 3a cner 6OJII>UIHX »HepreTHHecKHx BO3MO3KHOCT6H acH^KocTHbix Jiy 
H Gojiee BbicoKoro ypoBHa MHHHaTHptosanHH. ripeajiaraeMaa cxeivia TaioKe HMeer cy- 
mecTBeHHo 6ojiee npocroe KOHCTpyicrHBHoe pemeHHe BonpocoB pa3MemeHHH HH- 

<f)opMaHHOHHbix KaHajiOB M oxjiaacfleHHa HX sjieMeHTOB 3a CH&T HX acecTKoro 3aicpen~ 
iieHHa Ha nnaT^opMe. OöecneHHBaerca BO3MC0KH0CTb onepaTHBHoro H3MeHeHHH 
opneHTaHHH CJI,3KA. 

OcHOBHbiMH iipo6jieMaMH npH co3ÄaHHa C^3KA no «aHHOH cxeiwe HBJMIOT- 

ca: 
flOCTHHCeHHe    HeoÖXOflHMOH       ÄJia   ynpaBJieHHS    H    30HflHpOBaHHH    BHCOKOH 

TOHHOCTH CTa6HjiH3aimH njiaT(t>opMbi c noMoujbio TOJibKO MHKpoflBHraTejiefi; COC B 

ycjiOBHHx HecoBnafleHHHH BeKTopoB Tarn flBHraTejiefi MaHCBpHpOBaHHa c HeHTpoM 
Mace H HajiHHHH HHTeHCHBHbix BHÖpoyÄapHbix Harpy30K; 

oGecneneHHe Heo6xoAHMofi   6e3onacHOCTH   npn   xpaHeHHH, HcnbrraHHax H 
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SKCiuiyaTamm npn HajiHHHH na 6opxy 6aK0B c »CH^KHM TOIUIHBOM; 

MHHHaTiopH3aiHHH annapaxypw H co3#aHHe flBHraxejibHofi ycxaHOBKH c BHCO- 

KHM MaCCOBBIM COBepUieHCXBOM. 
JJ&KHue npoöjieMM Haxoaaxca B cxa^HH pemeHna. 
IIpOeKTHO-KOHCTpyKTOpCKHe npOpaÖOTKH nOKa3aJIH, HXO npHHCnOJIb30BaHHH 

HOBblX,  HaXOAHIUHXCa B CTaAHH OCBOCHHH XeXHOJIOrKH,   M05KCX ÖblXb C03«aHO CJßKA 
Maccofi 14 -17 Kr c 3anacoM xapaKTepHCXunecKofi CKOPOCTH 0.6-0.8 KM/C, Koxopbifi 
Moacer BMÖpaxb HaHatibHbiit npoMax «o 10 KM H BbinojiHHXb onepannio 30HflHpoBaHHS 
npn CKopocxax cÖJiHaceHHa #o 8-10 KM/C. Macca oöecrieHHBaiomHx ycxpoftcxB, 
ocTaiomHxcfl Ha ßopry cnyranKa, oueHHBaexca Ha ypOBHe 3 - 8 Kr. 

K HeÄOCTaTKaM cjie,ayex oxHecra HeflocxaxoHHyio oxpaöoxaHHOcxb ocHOBono- 
jiaraiomHx KOHCxpyKxopcKHX H xexHOJioraHecKHx peuieHHÖ, a xarcace HeoGxoAHMocxb 
co3aaHH« 3jieMeHTH0H 6a3bi c KanecxBeHHo HOBWM ypoBHeM xapaKxepncxHK. Oco- 
6eHHO ocTpo CTOHT Bonpoc B P<E» H apyrax Be^ymnx cxpaHax no co3Äamno MHHHa- 
TiopHbix npeu(e3HOHHHx HiHpOKonoJiocHbix  BHÖpoysapoycTOHHHBbix «aTHHKOB yrjio- 
BbDC CKOpOCTefi (JHyC), He06xOflHMbIX fljia BWCOKOTOHHOrO 4>yHKHHOHHpOBaHHJI CH- 
CTeMH ynpaBjieHHH CJißKA. TaKsce arceflyex oxMexnxb, HTO npH3eMHbie HcnbixaHHa c 
BKJiroqeHHeM HCHAKOCXHOH aBHraxenibHOH ycraHOBKH CBH3aHbi c HeooxoaHMOCTbio 
C03ÄaHHH  cneimajibHoß  HcnbrraTejibHOH  njiomaflKH,   oTBenaiomeH  coBpeMeHHbiM 
iKeCTKHM 3KOJIOrHHeCKHM TpeÖOBaHHSIM. 

TperbH 6a30Baa cxeMa OTjiiiHaeTca or BxopoS, B nepByio onepeAb, HC- 

KjiioHeHHeM HesocraTKOB, CBsraaHHbix c Hcnojib30BaHHeM JKHAKOCXHOH ABnraTejibHOH 
ycraHOBKH (pHC.l B). B flaHHofi cxeMe Hcnojib3yexca XBepÄOTonJiHBHaa ycraHOBKa c 
npeflBapHTeJibHbiM o6pa30BaHHeM paöonero Tejia B ra3oreHepaTope c nocjieAytouiHM 
ero pacnpe^ejieHHeM KjianaHaMH no flBnraTejiHM. 

IIpHHnHnHajibHbiM OTjiHHHeM aaHHofi cxeMbi aBjisexca cymecTBeHHO öojibuiaa 
6e3onacHocTb npa ncnbixaHnax H 3Kcn.iiyaxan.HH. Jfjix npoBe#eHHa npH3eMHHx ncnbi- 
TaHHH He Tpeoyexca cnennajibHbix aoporocxoamnx coopy»:eHHH co cnennajibHbiMH 
TexHHHecKHMH cpeflcraaMH cöopa H HeÜTpaJIH3anHH TOnjIMBa. 

CKa3aHHoe Bbinie oraocHTejibHo AOCTOHHCTB H HeaocxaxKOB Bxopoft cxeMbi 
OTHOCHTCa   H  K TpeXbefi CXCMe 3a HCKJIIOHeHHeM ÄBHraTejIbHOH yCTaHOBKH. 

B cooTBexcTBHe c BbinojiHeHHbiMH ana TpeTbefi 6a30BOH cxeMbi npopaöoT- 
KaMH onpeaejieHO, HXO MO»cer 6biTb co3«aHO C,fl,3KA Maccoü 14 - 17 Kr c 3anacoM 
xapaKTepHCTHHeCKOH CKOPOCTH 0.4 - 0.6 KM/C, KOTOpoe MOKeT Bbi6paTb HanajibHWH 
npojiex no 6 KM H BbinoJiHHTb onepannro 30HflHpoBaHHa npn CKopocxax c6jiHaceHna 
Ao 8-10 KM/C Macca ooecneraBawmnx ycxpoficxB, ocxaiomHxca Ha 6opxy cnyraH- 
Ka, oneHHBaerca Ha ypOBHe 3 - 8 Kr. 

Heo6xoflHMo oTMCTHTb, HTO B03M05KH0CTH C,33KA no o6jiacTH npHMeHeHHa H 
BbiÖHpaeMOMy npojiery Moryr öbrrb 3HaHKrreJibHo pacurapeHbi 3a cneT ocHameHHH 
CTaproBbiM TBepflOTonjiHBHbiM ^BHraxejieM c MajibiM BpeMeHeM paöoTbi. 

HHKe npHBoaaTca HeKOxopbie pe3yjibxaxbi HccjieÄOsaHHH fljia Bxopofi H xpe- 
xben cxeM no pemeHHio ynoM^HyroH Bbnne KJHOHCBOH npoÖJieMbi nojiyneHHa BH- 

ÄeoH3o6paHceHna 6e3 "cMa3a" 3a CHCT "oSHyjieHna" yrjiOBOH CKopocxH JXHHHH BH3H- 

poBaHHa. 3xo flocraraexca nyxeM cooxBexcxBytomero MaHeßpnpoBaHHa C,3|3KA B 

npocxpaHCXBe H MHHHMH3anHH HanajibHoro npojiexa «o HecKOJibKHx MexpoB K MO- 

Memy aexanbHoro 30HflHpoßaHHa. 
IlpH npoBeAeHHH HCCJieAOBaHHH Hcnojib30Banacb MaxeManwecKaa Mo^ejib CH- 

cxeMbi ynpaBJieHna, cxpyKTypHaa cxeMa Koxopofi npeÄCxaBjieHa Ha pac 2. 
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AjiropHTM ynpaBJieHHfl ABHrarejWMH COC (6JIOK 6), a TaKxee MOAeJife #yC 

(6JIOK 7) HMeioT BHA, npHBeaenHHH Ha pHC. 3. 
B MaTeMarHHecKOH MOACJIH ynreHbi TaKHe $aicropbi KaK oTHOCHTejibHoe ABH- 

aceHHe C,fl,3KA H KA, AHHaMHKa H TonnocTb HH<J>opManHOHHHx KaHajioB c nocTpoe- 
HHeM H 06pa60TK0fi   H306pa>KeHHH,   AHHaMHKa   H   TOHHOCTb CHCreMbI CTa6HJIH3aiJHH, 
a TaKHce OCOÖCHHOCTH HcnoJiHirrejibHbix ABHrarejieu MoAcnb BKjnoHaer ÖJIOK 1 OT- 

HocHTejibHoro ABnaceHiw CA3KA H KA; öJIOK 2, onacbiBaiomHH ^yHKUHOHHpOBaHHe 
HH<popMaaHOHHoro icaHana; 6JIOK 3, coAepacaniHH ypaBHeHH« yniOB Meacay Kopny- 
COM H jiyneBofi cHcreMOH KOopAHHaT; öJIOK 4, onncbiBaiomHH yraoBbie wumemvi 
Kopnyca; öJIOK 5, onHCbrearoinHH 4>opMHpOBaHHe ynpaBJuuomnx B03AeHCTBHÖ BOKpyr 
ueinpa Mace; 6JIOK 6, onncbiBaiomHH ajiropnrM ynpaßjieHHa MHKpoABHrarejraMH 
COC; 6JIOK, 7 coAepaeaupifi 3KBHBajieHTHoe onacaHne AarHHKOB yrjiBOH CKOpocTH; 
öJIOK 8, coflepacaiUHH BbipaaceHHs Ana nepeBOAa Beicropa ycKOpeHna H3 cncTeMbi KO- 

opflHHar Kopnyca B jiyneByio cHCTeMy KoopAHHar; 6JIOK 9, onHCbiBaiomHH <J>opMH- 
pOBatme ynpaBjisnomMx BOSACHCTBHS Ha uemp Mace; öJIOK 10, coAep>KamHH ajiro- 
pHTM ynpaBjieHHfl qeinpoM Mace; öJIOK 11 c ypaBHemuiMH BMHHCjieHHH npojiera. 

rioJiyneHo, HTO npH Hcnojib30BaHHH cOBpeMeHHbix H nepcneKTHBHbix 3JieMeH- 
TOB, TaKHx KaK <Miy c HHCJioM sjieMeHTOB He MeHee 256x256,  BHAeonponeecopa c 
reMnoM  BHHHCjieHHH  50 Tu, ABHrarejieH COC H ABHrarejien MaHeßpHpoBaHH»   c 
öbiCTpoAeHCTBHeM He xyace cooTBeTCBeHHO  1.5  MC H 7 MC,    impOKonojiocHbix^ 
AaTHHKOB  yraoBOH CKOpocTH e iuiOTHOCTbio  myMOB  He 6o,Jiee  0.01 - 0.02 rp/c(Tn) ' 
MOJKer öbiTb oöecneneHO eoJinaceHHe H nojiyneHHe KanecTBeHHoii H AeTanbHOH BHAeo 

HH(J)OpMaHHH. 
ripOBOAHMbie HaMH HHHHHaTHBHbie HCCJieAOBaHHS öyAyT   npoAOjraeHH C HC- 

nojib30BaHHeM MCTOAOB nojiy<f)H3HHecKoro MoaeJinpoBaHHa. Ana 3Toro co3AaH ene- 
HHanbHbiM crreHA, HMHTHpyromHH BweoKOCKopocTHoe c6jiH»ceHHe c KA H paöory CH- 

creMbi HaBeAeHHa. Pa3pa6oTaH raioKe cnennajibHbiH CTCHA AJIH noATBepacAeHUH 
TOMHOCTH cra6HjiH3auHH He xyace 5 -10 yrji. c. c HcnoJib30BaHHeM ra30crpyHHbix ABH- 

raTejieil H cnenHajibHbix anropHTMOB. 
XoTejiocb 6H, MTOöbi B 3aKJiiOHHTejibHbix AOKyMem-ax KOH^epeHUHH öWJIO 

oTMeneHO HanpaBjieHHe paöor no AHcraHimoHHOMy 3OHAHp0BaHHK> KA KaK npnopn- 
TerHoe H öwjio 6w noAroroBjieHO cooTBeTCTByiomee oöpameHHe K KOCMHHCCKHM 

areHTCTBaM BeAymHx erpaH Mapa o npoBeAeHHH coBMecrHbix paöoT B AaHHOM Ha- 
npaBjieHHH no MeacAyHauOAHofi nporpaMMe. 
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«Basic Principles of Integration and the Problems of Development the Technique 
of Remote Optical Range Probing in Space Environment» 

Smirnov B.V., correspondent member of the RA of RAS, Candidate of tech. sciences. 
Korotkov O.V., correspondent member of theRA of RAS, Doctor of tech. sciences. 

A.E. Nudeljman Design Office of Precision Engineering 
Vvedenskogo str. 8 

Moscow, 117342, Russia 
Fax: (095) 333 55 13 

Creation and injection in outer space of a large number of spacecrafts (SC), 
bearing civil and military functions and being potential sources of various scale 
technogenic catastrophes, determine the relevance for countries, members of world 
community, of having their own special complexes of technical means for performing, 
in case of necessity, automated remote detailed probing of SC. 

Use of a spacecraft of the Shuttle type for detailed probing of wreck SC can be 
impeded due to safety concerns and, besides, it may be not in compliance with the 
requirements of fulfilling the probing operations within the required strictly limited 
terms. The factors of no small consequence, which shall be taken into account when 
selecting the probing technique, are the cost of the necessary complex of technical 
means and the cost of works needed for carrying out the probing operation. 

It seems to be expedient to create a special small satellite for accommodation of a 
detachable automated instrument for remote detailed probing of spacecrafts (IRDPSC) 
having its own information channels and its own position control and maneuvering 
system. IRDPSC, after its detachment off the small satellite, performs approach to the 
inspected SA and information transfer to a retransmitter. At the small satellite^ the 
IRDPSC support system for use previous to IRDPSC detachment off the satellite and 
the equipment for radio reception of IRDPSC information and transmitting it to the 
Earth or to the SC - carrier of the smaill satellite are installed. 

Launching of such small satellites, with IRDPSC aboard, to a predetermined 
region can be made, depending; on the situation, from land by a small rocket-carrier or 
by a manned spacecraft, or the satellite can be placed on board of a space station and 
be detached off it at the required moment of time. In the last case the small satellite 
with IRDPSC can be also used for estimation of condition of the station itself. 

At present, there are no such necessary complex of technical means, and the 
problem of automated remote detailed probing is, on the whole, in the stage of 
conceptual design. Solution of this problem, owing to its great complexity and 
considerable cost, requires appealing to leading countries of the world. 

In the said problem there can be emphasized at present the following foundational 
tasks: 

definition of conceptual requirements to properties and parameters, which the 
complex of remote probing shall have, selection of the haul scheme for a small satellite 
bearing IRDPSC; 

search for optimum ensemble of foundational technical solutions aimed on 
construction of the complex with consideration of its realizability within acceptable 
terms and of restrictions on the apportioned resources; 

solution of key scientific-and-engineering and technological problems of 
realization. 
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All the three tasks are now at various stages of their studying and solution. The 
obtained results can produce mutual effect on the decisions being accepted within the 
scope of the above tasks. After solving these tasks, füll scale development can be 
spreadedon. . 

In this report are discussed the possible solutions of the second task in application 
to IRDPSC. Such approach can be explained by the considerable scientific-and- 
engineering backlog existing in this direction and belonging to the authors' 
organization. 

Since all the listed tasks are in the process of their solution, this report discusses 
the sufficiently wide ensemble of technical approaches conditioned by ensuring the 
covering with the proposed schemes of wide range of achievable output parameters of 
IRDPSC. This permits to realize the process of full-scale optimization for the problem 
in general, and for choice of technical solutions and parameters, in particular, with 
consideration of wide ensemble of factors. 

Within the scope of the proposed report, the means of probing are discussed, 
providing, in the process of approaching the inspected object, the observation 
information in several ranges of the optical emission spectrum (visible, ultraviolet, 
infrared with two sub-ranges) with linear resolution up to units of centimeter, and its 
transfer to the retransmitter. .    . 

As the foundational condition, it has been accepted that from the earner it shall 
not be required to ensure high precision of IRDPSC insertion in the predetermined 
area and low velocities of approaching. In authors opinion, the acceptable shall b<? the 
requirements of insertion precision not better than 10 km and velocity of approaching 
not better than 4-8 km/s. In this case, there shall be no need for long carrier 
maneuvering during approach. The cited requirements levels allow considerable 
diminishing of costs for the inspection task under condition of creating relatively cheap 
mini- IRDPSC with necessary characteristics. 

The key technical problem of IRDPSC creation is obtaining videoimages with 
high level of angular discrimination in the course of approaching the inspected 
apparatus up to very small distances at large velocities and initial flybys. These 
requirements involve considerable angular velocities of the axis-of-sight and, 
consequently, the blurred picture. To get good quality image, one shall provide 
velocity of the axis-of-sight not higher than 0.1 - 0.2 deg/sec. This can be obtained if 
the control system of IRDPSC shall provide, in the course of approaching, decrease of 
initial flyby to units of meter with the guaranteed miss during the fly by the inspected 
SC. 

The analysis of possible ways of IRDPSC design shows that of all their diversity 
both general for most schemes principles of design and alternate principles can be 
emphasized. 

The general principles can involve: 
utilization of optical channels, as being the most informative; 
application, as the simplest in reaüzation, of jet systems with the pulse mode of 

operation and fixed draft. 
The alternate principles of design, ensuring considerably differing design schemes, 

can involve: 
use of passive stabilization in space through rotation or active stabilization with 

the help of micro-engines; 
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use, as the engine plant for maneuvering, of a rotating plant with control in the 
polar coordinate system, or a non-rotating plant with control in the orthogonal 
coordinate system; 

use of an information-control system with its own system of gyrostabilization or 
use of a single stabilization system for the whole IRDPSC and mounting of optical 
channels immediately on the bearer frame; 

use of a photo-receiving device with the line or matrix structure. 
Essential influence on the intercepter looks and its abilities produces choice of the 

visible and ultraviolet ranges for the information device with moderate level of a 
photo-receiving device cooling, or the infra-red range and deep cooling, or their 
combinations. 

The carried out investigations allowed us to select three main considerably 
differing basic schemes which can be taken as the principle for designing IRDPSC. 
These schemes are built on the basis of integral combinable technical solutions, they 
have their own regions of preferable application. 

The first basic scheme is characterized by use of the following design principles 
(Figure 1 a): 

implementation of the bearing structure in the form of a disk with large polar 
moment of inertia, having an information-control system in the disk central part, and an 
engine at its periphery part; 

providing stabilization in space by low frequency rotation of the whole structure 
relative to the direct axis; 

use of a solid-propellant maneuvering engine in the form of a circular set of pulse 
engines; 

application, for the tasks of directing and sensing, of a single high precision 
optoelectronic multispectra (UV, Visible, IR) information-control system with multiple 
matrix photoreceiving devices (PRD) and an internal high-precision three-s,tage 
gyrostabilization system. 

Among the merits of this scheme one can name its realizability, considering 
present technological levels, existence of a sufficient backlog in key technologies, 
safety and reliability, absence of specific strict ecological requirements for near-ground 
tests involving engine starting. 

The main problems of IRDPSC development are the following: 
ensuring high precision of control under shock and vibration loads which cause 

the image movement across the PRD; 
achieving necessary reserve of the available characteristic velocity at acceptable 

mass and size levels; 
ensuring necessary operating speed of digital image processing and generation of 

control commands in real time scale. 
These problems are practically solved at present. The development efforts have 

shown that at the existing technological level a rotating IRDPSC can be developed, 
having a solid-propellant multiple engine power plant of 17 - 20 kg mass and a reserve 
of characteristic velocity of about 300 m/sec, capable of taking up several kilometers 
of initial flyby and providing transmitting of observation information at the approaching 
velocities up to 4 - 5 km/sec. Mass of the server devices (launcher, cooling system) left 
at the satellite is estimated at the level of 10 -15 kg. The wide range of the mass values 
is explained by various possible sets of information channels. The lower value 
corresponds to presence of solely one optoelectronic channel in visible or ultraviolet 
spectral regions. 
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Among the limitations of the scheme are the following: 
sharp mass increase with the characteristic velocity reserve increasing above 300 

m/sec, which is necessary at initial flybys higher than 2-3 km; 
problematicity of achieving high-precision directing at high velocities, of 

approaching (more than 4 - 5 km/sec) due to presence of elastic deformations m the 
gyrostabilizator between the optical system and the photo-receiving device, caused by 
continuous intensive vibroimpulsive loads due to engine operation; 

high enough design complexity of the cooling system for the IR channel and of 
the electric supplies through the cardan bracket of the gyrostabilizator system; 

problematicity of repeated operative change of the IRDPSC space orientation. 
The second basic scheme eliminates defects of the first and differs in the main by 

the following (Figure 1 b): 
designing of the bearing structure in the form of a stabilized non-rotating in space 

bearing platform with rigid mounting on it of the information-control system, the 
maneuvering engine and the position control/stabilization system (PCSS) using micro- 

engines; uif u 
elimination of the inherent gyrostabilization system with cardan bracket from the 

information-control system and imposing requirements of high precision on the 
platform stabilization system; 

use of a liquid-propellant four-engine power plant for maneuvering instead of a 
solid-propellant multi-engine rotating plant. 

As one of the main advantages of this scheme, the possibility can be noted of 
designing IRDPSC with several times greater taken up misses at lower mass due to 
greater energetic capabilities of the liquid-propellant engines and higher level of 
miniaturization. The suggested scheme has also more simple design solutions of the 
problems of information channels allocation and of their elements cooling thanks to 
their rigid fastening at the platform. The possibility is ensured also of operative change 
of IRDPSC orientation. 

The main problems of IRDPSC development according to this scheme are: 
achieving   for control and probing purposes, required high precision of the 

platform stabilization with solely PCSS micro-engines in conditions of mismatch 
between the maneuvering engines' thrust vectors and the mass center and presence of 
intensive vibroimpulsive loads; 

ensuring necessary safety during storage, testing and aboard operation of tanks 
with liquid fuel; . . 

miniaturization of the devices and development of an engine plant with high level 
of wholesale perfection. 

The above problems are in the stage of their solving. 
The design efforts have shown that in the case of application of the new 

developing engineering approaches an IRDPSC can be designed with the mass of 14 - 
17 kg and the characteristic velocity reserve of 0.6 - 0.8 km/sec, capable to take up the 
initial miss as large as 10 km and fulfill the probing operation at velocities of 
approaching as high as 8 - 10 km/sec. Mass of the server devices left aboard the 
satellite is estimated as 3 - 8 kg. 

Among the disadvantages are the insufficient work-out given to fundamental 
design and engineering solutions and the necessity of developing the element base with 
qualitatively new level of characteristics. The especially acute problem for RF and 
other leading countries is the problem of developing the miniature high precision wide- 
band vibroimpulse-resistant sensors of angular velocities (SAV) required for high 
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precision operation of the IRDPSC control system. Besides, it should be noted, that 
near-ground tests involving starting the liquid-propellant engine are conditioned by 
necessity of developing a special test area which meets all comprehensive strict 
ecological requirements. 

The third basic scheme (Figure 1 c) differs from the second in, first of ali? the 
elimination of defects due to use of a liquid-propellant engine. In this scheme a solid- 
propellant plant is used with preliminary formation of working medium in a gas- 
generator and its consequent gates allocation to engines. The third scheme differs from 
the second in considerably greater safety during tests and operation. Near-ground tests 
do not require special costly constructions with specific technical means of fuel 
gathering and neutralization. However, this scheme loses in mass. Among the 
problems, incidental to the third scheme, is the problem of ensuring reliable functioning 
of the valves distributing high temperature gas flows. 

In accordance with design efforts carried out for the sake of the third scheme, the 
possibility has been determined of developing IRDPSC of 14 - 17 kg mass with the 
characteristic velocity reserve of 0.4 - 0.6 km/sec; such IRDPSC can take up the initial 
flyby not exceeding 6 km and perform probing operation at the approaching velocity as 
high as 8 - 10 km/sec. Mass of the server devices left aboard the satellite is estimated 
at the level of 3 - 8 kg. 

It should be noted, that capabilities of IRDPSC concerning range of application 
and taken up flyby can be considerably improved by using a booster solid-propellant 
engine with short operation life. 

Lower on are presented some investigation results for the second and the third 
schemes concerning solution of the above key problem of obtaining a video-image 
without blurring at the expense of «nulling» angular velocity of the line of sight. This is 
achieved by adequate IRDPSC maneuvering in space and by minimization of the initial 
flyby to several meters on the moment of detailed sensing. 

In the investigations the mathematical model of the control system was used, its 
structure layout is given in the Figure 2. 

The control algorithm for PCSS engines (block 6) and the SAV model (block 7) 
are presented in Figure 3. 

The mathematical model accounts for such factors as relative motion of IRDPSC 
and SC, dynamics and precision of the information channels with formation and 
procession of images, dynamics and precision of stabilization, as well as peculiarities of 
the actuating engines. The model includes the block 1 of relative motion of IRDPSC 
and SC; the block 2, describing operation of the information channel; the block 3, with 
equations for angles between the box and the ray coordinate system; the block 4, 
describing angular motions of the box; the block 5, describing generation of control 
actions around the mass center; the block 6, describing the control algorithm for 
micro-engines of SAV; the block 1, with equivalent description of the angular velocity 
sensors; the block 8, with the expressions for the acceleration vector transformation 
from the box coordinate system to the ray coordinate system; the block 9, describing 
generation of the mass center control actions; the block 10, with the algorithm of the 
mass center control; the block 11, with the equations for flyby calculation. 

It has been obtained that application of modern and perspective elements, such as 
the photo-receiving device with the number of elements not less than 256x256» the 
video processor with calculation rate 50 Hz, the PCSS engines and the engines of 
maneuvering with fast response of 1.5 msec and 7 msec, the wide-band angular 
velocity sensors with noise density not higher than 0.01 - 0.02 deg/sec(Hz0' ), can 
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ensure  approaching  operation  and   receiving  high   quality  and   detailed  video- 
information. 

The initiative investigations carried out here shall be continued with application of 
semi-physical simulation methods. With this purpose in view, a special stand is 
designed imitating high-velocity mode of approach to SC and operation of the 
guidance system. Furthermore, a special stand is designed for the purpose of 
confirming the stabilization precision better than 5-10 minutes of arc with utilization 
of gas-jet engines and special algorithms. 

We would like to see in the final documents of this conference that the works 
on remote probing of SC are defined as forming the foreground direction. It would be 
reasonable to have prepared at this conference an adequate appeal to space agencies of 
the leading world counties for carrying out mutual work in this direction according to a 
certain international program. 
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KoHiienuHsi HH3Koop6HTajibiioro Majioro KOCMnnecKoro 
annapaira AHcraHUHOHHoro 30HAHpoBaHHH 3eivijiH 

r.B. MajitnneB*, A.n. CBOTHH*, B.A. JIaM3HH**, H./X MarjmHOB***, M.H. 
XaftjioB*** 

* - rocyfl(apCTBeHHMH HayHHO-HCCJieflOBaTeJIbCKHH HHCTHTyT npHIÜia^HOH MexaHHKH H 
3JieKTpoflHHaMHKH (HHHTIM3 MAH) 
125810, r. MocKBa, BojioKajiaMCKoe ni. 4 
Oaxc: (095) 1580367 
** - MoCKOBCKHH rOCyZjapCTBeHHblH aBHail,HOHHBIH HHCTHTyT (MAH) 
*** - HIIO HM. CA. JIaBOHKHHa 

PaccMaTpHBaeTCH KOHuenHHs Majioro KocMHHecKoro annapaTa 
ÄHCTaHUHOHHoro 30nn;HpoBaHHH 3eMJiH 03,33) c HHrepaKTHBHbiM ynpaBJieHHeM 
npoijeccoM cteMKH, 

JJJIX peaJiraauHH HHTepaKTHBHoro ynpaBJieinra Hcnojib3yeTca ÄByxypoBHeBaa 
cHCTeMa ÄHCTaHij;HOHHoro 30HflHpoBaHHa 3eMJiH, cocToam;as[ H3 jOByx OIITHKO- 

3JieKTpOHHbix ycTpoHCTB Ha 6a3e II3C MaTpHO, c pa3JiHHHbiM pa3peineHHeM (oÖ3opHaa 
H aeTajiBHaa KaMepbi). 

OnepaTHBHoe nojiyneHHe uejieBoii HHcjjopManHH o pernoHax 3eMHoÄ noBepxHocTH 
c BbicoKHM pa3peineHHeM oöecneHHBaeTca nepeHauejiHBaHHeM, BbinojraaeMbiM 
onepaTopoM B peacHMe peajibHoro BpeMeHH. 

Ha 6a3e pa3pa6oTaHHbix npoeKTHbix Mo#ejieH npoBe^eH aHajiH3 xapaKTepncTHK 
MaJIblX KOCMHHeCKHX annapaTOB flHCTaHHHOHHOrO 30H,ZHipOBaHHa 3eMJIH C MaCCOH OT 
100 flo 300 Kr. 

COBpeMeHHblfl  KOCMHHeCKHH  aimapaT  (KA)  flHCTaHHHOHHOrO   30H,ZJHpOBaHHa 
3eMJiH (/T33) npe^cTaBJiaeT coöoft BbicoKOTOHHyio H cjioacHyio CHCTeMy. AHajiH3 
cymecTByiomHx cxeMHbix pememrii annapaTOB #33 noKa3an:, HTO BHCOKHC Tpe6oBaHHa 
K   TOHHOCTH   OpHeHTaUHH   H   CTaÖHJIHSaHHH   H   nponyCKHOH   CnOCOÖHOCTH   6opTOBOH 
pa^HOJiHHHH HejieBoft HH<|>opMaHHH 3HaHHTejibHo yßejiHHHBaioT Maccy cnyraHKa B 

uejioM . Pa3pa6oTKa H 3KcroryaTaHHa no,n;o6Hbix aimapaxoB TpeöyeT npHBueneHHa 
3HaHHTeJIbHbIX ^HHaHCOBblX CpeflCTB. OäHHM H3 OCHOBHblX MeTO^OB CHPKKeHHH 3aTpaT 
aBJiaeTca co3flaHHe H HcnojibsoBaHHe KOCMnnecKHX CHCTCM HaöjnoÄeHHa 3a 3eMJiefi Ha 
6a3e Martbix annapaxoB2. 

C<f)opMHpoBaHa KOHHenHHH co3flaHHa KA JSß3 c Maccofi OT 100 no 300 Kr 
KOTopaa 6a3HpyeTC« Ha cjieayiomHX npHHHHnax: 
• onTHMH3aHHa oöbeMa HH<J)opMaHHH B cooTBeTCTBHH c 3anpocaMH noTpe6HTejieH; 
• npHMeHeHHe   npneMHHKOB   H3o6paaceHHa   ManoHyBCTBHTejibHbix  K   napaMeTpaM 

CHCTCMM opneHTaHHH; 

• Hcnojib30BaHHe /(ByxcTyneHHaToro onTHKO-sjieiopoHHoro KOMroieKca; 
• peajnraaipia nporpaMMnoro H HHTepaKTHBHoro MeToaoB HaBefleHHa; 
• npHMeHeHHe ÖopTOBoft cHCTeMbi o6pa6oTKH H3o6pa>KeHHa; 
• BKjnoHeHHe nejieBoro onTHKO-sjieKTpoHHoro KOMnneicca B KOHTyp ynpaBjieHHs; 
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•   npHMeHeHHe naccHBHbix MCTOAOB opHeHrannH H CTaOHjnoauHH (rpaBHTauHOHHaa, 
a3poaHHaMHHecKaa). 

AHaJIH3 pblHKa KOMMepHeCKOrO HCnOJIb30BaHHa HH(])OpManHH flHCTaHHHOHHOrO 
30HAHpoBaHHs   3eMJiH   noKa3BiBaeT,   MTO   ocHOBHyio   Maccy  noTpeÖHTejieii  TaKoft 
HH^OpMaUHH HHTepecyiOT H306pa)KeHHH nOBepXHOCTH 3eMJIH CO cpeaHHM ypoBHeM 
jiHHeHHoro pa3peineHHa Ha MCCTHOCTH, nonyHeHHbie B pa3JiHHHbix cneKipajibHbix 
ÄHana30Hax. Pa3pa6oTKa KA #33 npe^ycMaTpHBaeT ycTaHOBKy annapaTypw 
Ha6jnoaeHHH, no3BOJiaiomyK) nojiynaxb H3o6paaceHHa co cpeflHHM ypoBHeM JiHHeHHoro 
pa3penieHHH Ha MCCTHOCTH H B HCCKOJIBKHX cneKTpajibHbix no,mjHana30Hax BHäHMOTO 

H 6jiHacHero HH^paKpacHoro ;niana30HOB. 
CoBpeMeHHbie KOCMHHecKHe cpeacrBa /J33 «na nojryneHHH H3o6paaceHHH 

Hcnojib3yK>T pa3JiHHHbie BapnaHTbi I13C npHeMHHKOB (jiHHeftHbie H MaTpHHHbie). 
OcOÖeHHOCTb npHMeHeHHH JIHHeftHBIX npHeMHHKOB I13C 3aKJIK)HaeTCa B 
HeOÖXOflHMOCTH OCymeCTBJiaTb CKaHHpOBaHHe CHHMaeMOH nOBepXHOCTH. OÖBIHHO 
TaKOe    CKaHHpOBaHHC    M03KHO    OCyiUeCTBJMTb    3a    CHeT    OpÖHTaJIbHOrO    ABHHCeHHS 
KocMHHecKoro annapaTa («MapmpyiHaa» cbeMKa). B HeKOTOpbix cjiyiaax 
HcnoJib3yeTca CKaHHpOBaHHe 3a CHCT yrnoBoro flBHaceHH« KA HJIH cnenHaxtbHoro 
3epKana.   TaKHe CXCMH BbuiBHraioT flocraTOHHO öojibnrae Tpe6oBaHHa K TOHHOCTH 

CHCTeMbI CTaÖHJffl3aHHH H OpHeHTailHH.  3T0 npHBOflHT K yBeJHMeHHK)    Maccbi KA. 
Hcnojib30BaHHe CHCTCMM opHeHrauHH H CTa6HJiH3ainiH c 6ojiee HH3KHMH TOHHOCTHMH 

npHBOÄHT K yxyAuieHHK» KaneerBa H3o6paaceHHfl. 
B pe3yjn.TaTe aHanH3a cymecxByioinHx npneMHHKOB H3o6paaceHHa Bbi6op 6bin 

cflejiaH B nojn.3y II3C-MaTpHH. OHH no3BOJiaiOT perHCTpnpoBaTb H3o6paaceHHe 6e3 
flonojniHTenbHbix cKaHHpyKHinrx ycTpoöcTB H npHcnocoGjieHHfi. Pacnojiaraa MaTpnubi 
B «maxMaTHOM» nopa/nce MOJKHO flo6HTbca TpeßyeMoro 3HaneHHa nonocbi 3axBaTa. 
npH aaHHOM pacnoxioaceHHH MaTpnm Hcnojn>3yeTca MeTOfl «MapmpyTHOH» cbeMKH. 
CKaHHpOBaHHe ocymecTBJiaeTca 3a C*KT opÖHTajibHoro ^BHaceHHa KocMHHecKoro 
annapaTa. IlepeHanejiHBaHHe OCH BH3HpoBaHHa onTHKO-sjieKipoHHoro KOMnjieKca 
ocymecTBJiaeTca nepneHznncyjiapHO HanpaBJieHmo nojieTa annapaTa npn noMomn 
3epKana (c BHCOTM 400 KM nojioca o63opa cocTaBJiaeT 600 - 800 KM). TpeöoßaHHe K 

TOHHOCTH cTa6HJiH3anHH annapaTa 3HaHHTejibHO CHHHceHO 3a cneT «MraoBeHHoÄ» 
perncTpaHHH H3o6paaceHH« noBepxHOCTH HecKOJibKHMH MaTpnnaMH pa3MemeHHbiMH B 

«maxMaTHOM» nopa«Ke. PacnoJioaceiffle MaTpnn no3BOJiaeT nojryHHTb KanecTBeHHoe 
«MapinpyTHoe» H3o6pa5Keroie npH ßoeraTOHHO CHJH>HOM paccorjiacoBaHHe MesK^y 
HanpaBJieHHeM cKaHHpOBaHHa (HanpaBjieHHe nojieTa) H CTonönaMH MaTpnn (npH 
Hcnojib30BaHHH 5 MaTpHn 4>opMaTa 500 x 582 sjieMenroB c 30HOH nepeKpbiTHa B 46 
3JieMeHTOB 3TOT yron M05K6T ÄOCTHTaTb 2°). ÜHHeHHoe pajpemeHHe Ha MecraocTH c 
BbicoTbi 400 KM cocTaBJiaeT 30 MeTpoB, nonoca 3axBaTa - 50 KHJioMeTpoB. 

KpoMe CHCTeMbi cTa6HJiH3aHHH H opneHTanHH BbicoKHe TpeßoBaHHa K KA fl33 
BbWBHraioTca co cTopoHbi öopTOBoro pa^HOKOMnneKca. Ero xapaKTepncTHKH AOJUKHBI 

6biTb conocTaBHMW c TpeöyeMOH CKopocTbio nepe#aHH H3o6paaceHHa (npn npaMofi 
nepe^ane BH/ieoHH^opManHH Ha HaseMHbifi nyHKT). fljia penieHHa STOH npo6jieMbi 
MOHCHO Hcnojib30BaTb HecKonbKo peniemrii. Bo-nepBbix, MOHCHO 0TKa3aTbca OT 

Henocpe^cTBeHHOH nepe^aiH H3o6pasceHHa Ha Ha3eMHbift nyHKT, a ocymecTBjiaTb ero 
3anncb Ha 6opTOBoe 3anoMHHaiomee ycTpoftcTBO jyix. nocjie,nyion;ero «cöpoca». Jlpz 
penieHHa MHornx 3a«aH HaSjuoaeHHa TaKofi noAXO« aBjiaeTca onTHManbHbiM, a HHor^a 
H    eflHHCTBeHHblM    (HaOJHOfleiffle    BHe    30HbI    paflHOBHÄHMOCTH    npH    OTCyTCTBHH 
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ÄonojiHHTeubHBix cpe^cTB peTpaHc.nan.HH). CoBpeMeHHwe cpeflCTBa no3BOJiaioT 
npoH3BO«HTb 3anncb Ha 3anoMHHaiomee ycTpoHCTBO c BBe,ueHHeM «CHcaraa» 
HH^opMai^HH (B 2-3 pa3a). Bo-BTOpbix, B03Mo»ceH BapnaHT H HenocpeflCTBeHHoii 
nepeaa^H BH,neoHH(j)opMan,HH B paßHOKaHaji c Hcnojib30BaHHeM anropHTMOB «OKaraa». 
OflHaKO 3aaaHa o^HOBpeMeHHoro CHHTbmaHHa, cacaTHa H nepe/jaHH HH<j)opManHH 
MoaceT OKa3aTbca ^ocTaTOHHo CJIOJKHOH KaK B annapaTHOM, TaK H B nporpaMMHOM 
miaue. B KaayjOM cjiynae B03HHKaeT HeoöxoflHMOCTi. ycTaHOBKH Ha 6opTy 
paflHouHHHH c BHCOKOH nponycKHOH cnocoÖHocTbio. ^acTO nojib30BaTejis HHTepecyeT 
HeßojibinoH oöbeM H3 Bceä nonynaeMoft BH£eoHH<|>opMauHH. Hacn» HH^opMauHH no 
HeKOTOpbiM npHHHHaM (HanpHMep, noro/nibie ycjiOBiaa HJIH pacnojioaceHHe 
CHHMaeMoro oGteKxa OTHocHTejibHo KA) MoaceT 0Ka3aTtca MajionpHroaHOH HJIH 

coßceM HenpHroflHofi: AJia Hcnojib30BaHHa. Ü3 STOTO cne^yeT, Heo6xo£HMOCTb Bbiöopa 
nojib30BaTejieM TOJIBKO H6O6XOäHMOH HH^opMaHHH. 3TOT Bbiöop cjie^yeT 
ocymecxBJiaTb B nponecce caMoft cbeMKH. HTO CHiracaeT TpeöoBaHHa K nponycKHOH 
cnocoÖHOCTH paÄHOKaHajia. 

TaKofi: noßxoß K nojiyneHHK) HH<|>opManHH OT KOCMHHCCKHX cpeßCTB 
HaöJiiofleHHa 6MJI Ha3BaH HHTepaKTHBHbiM ynpaßjieHHeM npoueccoM CbeMKH B 

BapnaHTax     c     BbiöopOMHofi     nepeÄa^eii     nojiyqeHHOH     HH^opMauHH, c 
Henocpe^cTBeHHbiM ynpaBJieHHeM npoueccoM cbeMKH, c npHMeHemieM Ha3eMHbix 
cpe^cTB pacno3HaBaHHa o8pa30B, c npHMeHeHHeM öopTOBbix cpejjCTB pacno3HaBaHHa 
o6pa30B3. 

HaH6ojiee npocTbiM aBJiaeTca HHTepaKTHBHbra MeTO« c BwöopoHHOH nepejuaneä 
nojiyneHHOH HH<|)opMaHHH. JJflx ero peajnreanHH npaKTHHecicn He Tpe6yeTca BHeceHHa 
H3MeHeHHH B TpaannHOHHyio CTpyKTypy KA Ha6jno«eHHH. Cyrb MeTO#a TaKOBa. 
Annapax BXOäHT B 30Hy paflHOBH^HMOCTH HaseMHoro nyHKTa ynpaBJieHHa H npneivia 
HH^opMaHHH, Ha ero 6opT nepe;jaeTca KOMaHßa Ha Hanajio «MapnipymoH» CbeMKH 
Tpe6yeMbix OöBCKTOB. Bca perHCTpnpyeMaa HH^opManna noMemae-rca B 6opTOBoe 
3anoMHHaioui;ee ycTpoftcTBo. O/jHOBpeMeHHo c STHM nponcxo^HT npaMaa nepeaana 
BH,zjeoHH<])opMaHHH Ha Ha3eMHbiH nyHKT, HO npH 3TOM OHa noflBepraeTca cacaTmo c 
noTepefi KanecTBa. B pe3yjibTaTe Ha 3eMjno nocTynaeT npeÄBapHrejibHaa HH^opManna 
no KOTopoii MOHCHO cyzmrb o TOM, KaKne H3 cHaTbix o6beKTOB cjiejjyeT nojiywrb Ha 
H3o6pax<eHHH c peajibHbiM paspeniemieM. B pe3ynbTaTe aHajiH3a Ha Ha3eMH0M 
KOMiraeKce ynpaBJieHHa <j)opMHpyeTca KOMaHAa ynpaBJieHHa, B KOTopoö yKa3WBaioTca 
Te yqacxKH H3o6paxceHHa, KOTOpbie cjieflyeT H3Bjienb H3 ßopTOBoro 3anoMHHaiomero 
ycTpoficTBa H nepeaaTb Ha 3eMJiio c peajibHbiM pa3peuieHHeM. B pe3yjibTaTe 3Toro 
TpeGyeMaa HH^opManna MO»:eT Sbixb nepe^aHa Ha TOM ace BHTKe, HTO H cbeMKa (ecjiH 
KA 6yaeT Haxo^HTbca B 30He paflHOBHZUiMOCTH) HJIH Ha nocjiejJiyioiHeM BHTKC JJpa 
peajiH3auHH STOTO MeToaa Tpe6yeTca onTHKO-sjieKTpoHHbiH KOMnJieKc, no3BOJiaiomHH 
npoH3BOflHTb MapuipyTHyio cteMKy. MoflepHH3aHHH no^BepraeTca TOJIBKO SopTOBoe 
3anoMHHaK)Hi;ee ycTponcTBO. OHO #OJDKHO no3BOjiaTb H3BjieKaTb H3 Bcero MaccHBa 
HH(J)opMaHHH TOJibKO Te yiacTKH, KOTOpbie HHTepecyiOT cneHHauHCTOB Ha 3eMJie. 

Bojiee cjioacHbiM aßjiaeTca HHTepaKTHBHbiH MeTOfl c HenocpeacTBeHHbiM 
ynpaBJieHHeM nponeccoM CBCMKH. Upmmn annapaTypa KA flonaoia BKjnoHaTb ÄBa 
THna KaMep - o63opnyK) H fleTajibHyro. 

üpHHnHn aencTBHa HHTepaKTHBHoro ynpaBJieHHa 3aKjnoHaeTca B cjieflyiOHiieM. 
KA BxoflHT B 30Hy paflHOBHAHMOCTH Ha3eMHoro nyHKTa ynpaBJieHHa. npH STOM OH 

nepe/jaeT Ha Ha3eMHbiH nyHKT H3o6paaceHHe ynacTKa MecxHocTH, CHaToro npn noMomn 
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o63opHofi KaMepw (H3o6paaceiiHe cpa3y BBIBO^HTCH Ha MOHHTOP onepaTopa Ha3eMHoro 
nyHKTa). 3TO H3o6paaceHHe xapaKreproyeTca HH3KHM 3HaneHHeM jiHHeftHoro 
pa3pemeHHH Ha MecraocTH (COTHH M6TDOB) H 6ojibmHM pa3MepoM 3axBaTbiBaeMoft 
noßepxHocTH (COTHH KHJiOMeTpoß). riocne nepefla^H H3o6paaceHHS Ha Ha3eMHbift 
nyHKT oeb BH3HpoBaHHfl o63opHoft KaMepw yflepacHBaerca B uempe ynacTKa 
HOBepxHOCTH, nepeflaHHoro Ha Ha3eMHWH nyHKT ynpaBJieHHa. Ha Ha3eMHOM nymcre 
ynpaBJieHHa onepaTOp aHauiranpyeT nojryneHHoe H3o6paaceHHe H Bbi6npaeT ynacTOK 
MecTHOCTH, KOTopbitt Tpe6yexca noJiynHTb c 6ojiee BWCOKHM pa3peineHHeM. Ilocjie 
3Toro KOMnbioTep Ha3eMHoro nymcra aBTOMaTHHecKH ^opuapyer Ha6op KOMann Ha 
cteMKy 3a/iaHHoro ynacTKa MecTHOCTH H nepe^aeT HX Ha 6opT KA. CncreMa 
ynpaBJieHHa annapaTOM ocymecrBjiaeT HanejiHBaHHe OCH BronpoBaHHa «eTajibHOH 
KaMepw Ha ynacTOic noßepxHocTH, Bw6paHHWH oneparopoM. XapaKTepH3yiomeeca 
BWCOKHM 3HaneHHeM jnnieHHoro paspeineHHa Ha MCCTHOCTH (OT e^HHHH js,o #ecaTKOB 
MeTpOB)    H   MaJIbIM   pa3MepOM    CHHMaeMOH   nOBepXHOCTH   (e/HlHHUW   HJIH   fleCHTKH 
KHJioMexpoB), H3o6paaceHHe c fleTajibHoft KaMepbi, nepczmeTca Ha HaseMHWH nyHKT 
ynpaBJieHHa, 

Ilocjie 3aBepineHHa nepe/janH H3o6paaceHHa HanHHaeTca cjie/iyiomHH HHKJI 

cbeMKH. Ilocjie aHajiH3a MCTOfla 6buiH nojiyqeHbi cjiejryfomHe «aHHwe o jumrejibHOCTH 
HHKJia, npOH3BOflHTeJIbHOCTH MQTOPß H BpeMeHH npHHSTHH peUieHHa OnepaTOpOM (iUM 
BbicoTbi nojieTa annapaTa B 400 KM): 20 - 30 c, 20 - 30 o6beKTOB/BHTOK, 10 - 15 c. 
TaKofi MQToa peaniByeTca Ha KOCMHHCCKOM annapaTe c Maccoft B 100 Kr (Macca 
HejieBOH annapaTypbi -16-18 KT), HH^opMaTHBHOCTb pa#HojiHHHH - 1 M6o#. 

CjiejjyioiHHM HiaroM Ha nym Hcnojib30BaHHa HHTepaKTHBHoro Mero^a 
sBjiseTCfl Hcnonb30BaHHe Ha3eMHbix cpeflCTB pacno3HaBaHHa o6pa30B. 

riepe« HanajioM pa6oTbi c KA onepaTOp 3aflaeT 3TajioHHwe njoöpaaceHHa 
KOTopwe TpeöyeTca crora. BO BpeMa ceaHca CB«3H. BnöjiHOTeKa sTajioHHwx o6pa30B 
npeflCTaBJiaeT CO6OH 6aHK «aHHWx, B KOTOPOM coflepacaTca H3o6paaceHHa ynacTKOB 
noßepxHocTH 3eMJiH c HH3KHM pa3pemeHHeM. 

KA BXOflHT B 30Hy paziHOBHflHMOCTH Ha3eMHoro nyHKTa ynpaBJieHHa. Ha 
Ha3eMHbrä nyHKT ynpaBJieHHa nepeflaeTca H3o6paaceHHe yqacraa MBCTHOCTH, CHHTOTO 

npn noMomn o630pHOH KaMepbi. üocjie nepeaann H3o6paaceHHa Ha Ha3eMHbift nyHKT 
ocb BH3npoBaHH« o63opHOH KaMepbi yaepaareaeTca B neHipe yqacnca noBepxHOCTH, 
nepeaaHHoro Ha Ha3eMHbrä nyHKT ynpaBJieHHa. Ha Ha3eMHOM nymcTe ynpaBJieHHa 
CHCTeMa Bbiöopa oGbeKTa CbeMKH aBTOMaTnnecKH npoH3BO,zniT cpaBHeHHe 
nojiyneHHoro H3o6pa)KeHHa c 3TanoHaMH, KOTopwe 3an;aji onepaTOp. ECJIH Ha 
nonyqeHHOM raoöpaaceHHH npHcyxcTsyioT ynacTKH MCCTHOCTH, coBnaaaionpie c 
3TanoHHbiMH no pa«y npH3HaKOB, TO CHCTeMa ^opMHpyeT H nepeflaeT Ha KA KOMaimy 
Pflx cbeMKH 3THX yiacTKOB c noMombio aeTaiibHOH KaMepbi. CHCTeMa ynpaBJieHHa 
annapaTOM ocymecrBjiaeT nepeHanejiHBaHHe fleTajibHOH KaMepw Ha TpeöyeMwft 
yqacTOK noßepxHocTH. H3o6paaceHHa nojiyneHHwe AeTajibHofi KaMepon nepczjaeTca 
Ha Ha3eMHbrä nyHKT ynpaBJieHHa. 

riocne 3aBepmeHHa nepe/jaHH H3o6paaceHHa HHKJI CbeMKH noBTopaeTca. 
OnepaTOp MoaceT npoaHajiH3HpoBaxb HOBbie H3o6paaceHHa H npn Heo6xo/j(HMOCTH 
3aHecTH HX B 6H6jiHOTeKy sTanoHHbix o6pa30B. B pe3yjibTaTe aHajnrca MeTO^a 6büiH 
nojiyneHbi cjie,ayK)mHe «aHHbie o ÄJiHTejibHocTH nnioia, npoH3Bo«HTejibHocTH MeTo^a 
H BpeMeHH npHHaTHa pemeHHa oneparopoM (BbicoTa nojieTa 400 KM): 15 - 20 c, 30 - 40 
o6beKTOß/BHTOK, 1 c. TaKoft M6TOÄ peajiH3yeTca Ha KOCMHHCCKOM annapaTe c Maccoft B 
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200 Kr (Macca nejieBofi annapaTypBi - 20-30 Kr), HH<f>opMaTHBHocTb paAHOJiHHHH - 1 
M6ofl. 

HanSojiee cnoacHbiM c TOHKH 3peHna peajnoauHH aBJiaeTca HHTepaKTHBHbift 
MeTOA c Hcnojib30BaHHeM 6opTOBBix cpeßCTB pacno3HaßaHHa o6pa30B. OflHaKO K ero 
npeHMymecTBy cue^yeT OTHCCTH nojiHyio aBTOMaTH3aijHK> nponecca HHTepaKTHBHoro 
ynpaBJieHHa. EjiaroAapa axoMy AOcniraeTca 6oJibinaa nporaBOAHreJibHOCTb CHCTCMH. 

ITpH aaHHOM MeTo^e onepaTop 3aaaeT STajioHHbie o6pa3Hbi noßepxHOCTH 
3eMjiH HJiH oÖBeKTOB Ha ee noßepxHOCTH, KOTopbie TpeöyeTca CHHTB C BBICOKHM 

pa3peineHHeM H 3aH0CHT STH AaHHBie B öopTOByio 6H6jiHOTeicy STajiomibix o6pa30B (BO 

BpeMa ceaHca CB33H). Ha 6opTy KA AonojiHHTejibHo ycraHaBJiHBaioTca 6opTOBaa 
6n6jiHOTeKa STajioHHbix o6pa30B H ßopTOBofi KOMn&iOTep o6pa6oTKH 
BHÄeoH3o6pa»ceHHH. BopTOBaa ÖH6jiHOTeKa 3TajiOHHbix o6pa30B npeACTaBjiaeT coöofi 
6aHK AaHHbix, B KOTopoM coAepacaTca Tpe6yeMbie H3o6pa»ceHHa ynacTKOB 
noßepxHOCTH 3eMJiH H oöbeKTOB, iKwieacanjHx cteMKe. BnGjiHOTeKa coAepaarr H 

npH3HaKH o6beKTOB. BaHK AaHHbix MoaceT H3MeHaTbca H AonojmaTbca c Ha3eMHoro 
nyHKTa ynpaBJieHHa. 

AnnapaT HaHHHaex cbeMKy B TOT MOMCHT, KorAa HaxoAHTca HaA ynacTKOM 
3eMJiH, noAneacaiAHM mynemao. nepBOHanajibHO cbeMKa MBCTHOCTH npoBOAHTca npn 
noMoinH oÖ3opHOH KaMepbi. Hocjie nojiyneHHa H3o6paaceHHa annapaT aBTOMaranecKH 
(Ana 3Toro BHAeoHH(})opMau.Ha pÖ3opHOH KaMepbi HenpepwBHO npeAOCTaBJiaeTca AJM 

CHCTeMbi ynpaBJieHHa annapaTOM) yAepaareaeT OCB BH3HpoBaHHa oÖ3opHOH KaMepbi B 

ueHTpe ynacTKa 3eMHofi noßepxHOCTH. BopTOBofi KOMiibKyrep npOH3BOAHT cpaBHeHHe 
nojiyqeHHoro H3o6paaceHiia c sTanoHaMH, HaxoAaiAHMHca B 6opTOBoö ÖHonnoTeKe. 
IIpH HaJIHHHH  Ha H306paHCeHHH y^aCTKOB  MeCTHOCTH  COBHaAaiOHIHX  C  3TaJI0HHbIMH 
cHCTeMa ^opMHpyex KOMaHAy AJia npoßeAeHHa cbeMKH 3THX ynacncoB c noMonjbio 
AeTanbHofi KaMepbi. IIojryiieHHbie rooöpaaceHna 3anoMHHaioTca B öopTOBOM 
KOMnbioTepe. üpn HaxoacAemiH KA B soHe paAHOBHAHMocTH 3TH H3o6paaceHHa Moryr 
SbiTb nepeAaHbi Ha Ha3eMHbiH nyHKT. Ha Ha3eMHbrii nyHKT ynpaBJieHHa MoacHO 
nepeAaßaTb He caMO H3o6paaceHHe, a jiHuib <J)opMajiH30BaHHbiH OTHCT O HajiHHHH HJIH 

OTcyrcTBHH Ha CHHMaeMofi noßepxHOCTH o6beKTOB coBnaAaiomHX c STajioHHbiMH. 
nocjie aHajiH3a MeTOAa 6buiH nojryneHbi cjieAyiomHe AaHHbie o AJnrrejibHOCTH 

HHKJia   H       npOH3BOAHTeJIbHOCTH   MeTOAa:    15   -   20   C,   AO   2«103   o6beKTOß/BHTOK. 

HanpHMep, TaKoö MCTOA peajiH3yeTca Ha KA c Maccoii B 300 Kr (Macca nejieBoft 
annapaTypbi - AO 40 Kr), HH^opMaTHBHocTb paAHOJiHHHH - 2 M6OA. 
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Earth remote sensing small spacecraft with interactive survey process control 
concept is considered. 

The two-level Earth remote sensing system consisting from two opto-electronic 
units based on the CCD-matrixes with the various resolution (survey and detail cameras) 
is used for realization of interactive control. 

Purpose-oriented data obtaining in real-time about Earth surface regions with the 
high resolusion is provided by repointing executed operator in real-time mode. 

The analysis of the Earth remote sensing small spacecraft performance with mass 
from 100 up to 300 kgs is conducted based on developed design models . 

Earth Remote Sensing (ERS) state-of-the-art spacecraft (SC) represents the high 
precision and complex system. The analysis of ERS SC existing circuit solutions has 
shown, that high requests to accuracy both of orientation and stabilization and the 
throughput of on-board radio channel of the purpose-oriented data considerably increase 
SC mass as a whole1. Similar SC development and operation require attraction of 
significant financial assets. One of main methods of cost decreases is the creation and use 
of Earth observation space systems based on small SC . 

The concept of ERS SC with mass from 100 up to 300 kgs has developed. It based 
on the following principles: 
• received data parameters optimization according to the user's requests; 
• application of image receivers which have small sensitivity to orientation system 

parameters; 
• use of a two-stage opto-electronic complex; 
• realization of programmed and interactive pointing methods; 
• on-board image processing system usage; 
• purpose-oriented opto-electronic complex including into the control loop; 
• use of passive methods of orientation and stabilization (gravitational, aerodynamic). 

Analysis of commercial market of ERS data usage shows, that main number of 
users of such data interest the Earth surface images with average spatial resolution level 
for various spectral ranges. ERS SC design provides the observation equipment 
installation allow to receive the images with an average resolution level and in several 
spectral (visible and near infra-red) ranges. 

G.V. Malyshev, A.P. Svotin, V.A. Lamzin, I.D. Maglinov, M.N. Khaylov 



ERS state-of-the-art SC use the various options of CCD receivers (linear and 
matrix). The feature of linear CCD receivers application consists in necessity to carry out 
scanning of imaging surface. Usual such scanning is possible to carry out at the expense 
of SC orbital movement (route survey). In some cases the scanning is used at the expense 
of angular movement of SC or special mirror. Such schemes put forward rather large 
requests to accuracy of the stabilization and orientation system. It results to increase of 
SC mass. Orientation and stabilization system usage with lower accuracy results to image 
quality decreasing. 

As a result of the existing image receivers analysis the CCD-matrix was chosen. 
They allow to register the image without additional scanners and tools. Putting matrix 
into the «chess» order it is possible to achieve the required value of strip width. At the 
given matrix's position the method of route survey is used. The scanning is carried out at 
the expense of SC orbital movement. Visual axis of opto-electronic repointing is carried 
out perpendicularly to SC flight direction through a mirror (from 400 kms altitude the 
observation strip is 600 - 800 kms). The request to SC stabilization accuracy is 
considerably reduced for instant surface image registration by several matrixes placed in 
the «chess» order. The matrixes pointing allows to receive the qualitative route image at a 
rather strong mismatch between a scanning direction (flight direction) and matrix's 
columns (at usage of 5 matrixes with format of 500 x 582 elements with overlapping 
zone in 46 elements this comer can achieved 2°. The spare resolution from 400 kms 
altitude is 30 meters, strip width is 50 kms. 

Except stabilization and orientation system the high requests to ERS SC are put 
forward on the part of on-board radiocomplex. It performance should be comparable to a 
required image transfer rate (at real time videoimage downlink). For solving this problem 
it is possible to use some solutions. First, it is possible to refuse direct image downlink, 
and to carry out its record on the on-board storage device for consequent downlink. For 
solution of many observation problems such approach is optimum, and sometimes and 
unique (observation outside of radiovisibility zone at absence of additional relay devices). 
The state-of-the-art devices allow to record on the storage device with introduction of 
data compression (in 2-3 times). Secondly, the direct videodata transmission to the 
radiochannel with compression algorithms usage is possible. However problem of 
simultaneous reading, compression and transmission of data can appear rather difficult 
both in hardware, and in software direction. In each case there is a necessity of 
installation on-board the radiochannel with high throughput. Frequently user interests 
small volume of received data. The part of data on some reasons (for example, weather 
conditions or survey object and SC position) can be limiting for application. This implies, 
necessity of choice by the user only of necessary data. This choice should be carried out 
during the survey. That reduces requests to radiochannel throughput. 

Such approach to data obtaining from space observation means was called as 
survey process interactive control. The method can be divided on: interactive with 
selective obtained data transmission, interactive with direct survey process control, 
interactive with ground image recognition means application, interactive with on-board 
image means usage3. 

The interactive method with selective obtained data transmission of the 
information is the most easy. For its realization practically it is not required of 
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modification in traditional structure of observation SC. The main idea of the method is 
the following. SC enters into the radiovisibility zone of ground control and data 
acquisition and processing complex. Command on a beginning of route survey of 
required objects is transmitted into the board. The registered data is located in the on- 
board storage device. Simultaneously to it there is a direct videodata downlink, but thus it 
is exposed to artificial deterioration (for example, to compression with loss of quality). In 
result on the Earth is the preliminary data which on arrives it is possible to judge what 
from removed objects should be received on real time image. As a result of the analysis 
on a ground control complex the control command is formed, in which it is underlined 
those image sites is necessary to extract from the on-board storage device and downlink 
in real resolution. As a result of it the required data can be transferred on that revolution, 
as the survey (if SC will be in radiovisibility zone) or on the consequent revolution. It is 
required a opto-electronic complex permitting to make for realization of this route survey 
method. The onboard storage device is exposed only to modernization. It should allow to 
extract from the whole data dimension only those sites which interest the experts on the 
Earth. 

The interactive method with survey process direct control is more difficult. The 
SC purpose-oriented equipment K should include survey and detail cameras. 

The principle of interactive control consists in the following. SC enters into 
radiovisibility zone of ground control complex. Thus it transmits on ground complex the 
site of landscape image received by survey camera (image at once is removed on operator 
monitor of ground complex). This image characterizes by low significance of spare 
resolution (hundred meters) and large size of a captured surface (hundred kilometers). 
After image downlink the survey camera visual axis is kept in center of surface site 
transferred on ground control complex. On the ground control complex the operator 
analyzes the obtained image and selects a site of district, which is required to be received 
with the higher resolution. After that the computer of ground complex automatically 
forms the instruction set on survey of the given district site and transmits them aboard of 
SC. The SC control system carries out detail camera visual axis pointing on surface site 
selected by the operator. Described by high significance of spare resolution (from units up 
to tens meters) and survey surface small size (unit or tens kilometers), the image from the 
detail camera, is transmitted on ground control complex. 

After completion of image transmission the following survey cycle begins. After 
the method analysis the following data on cycle duration, method productivity and 
decisionmaking time by the operator (for SC flight altitude is 400 kms) were obtained: 20 
- 30 sec, 20 - 30 objects per revolution, 10-15 sec. Such method will be realized on SC 
with mass about 100 kgs (purpose-oriented equipment mass is 16 -18 kgs), radiochannel 
selfdescriptiveness is 1 Mbod. 

Following step on path of interactive method application is use of ground image 
recognition means. 

Before the operation beginning with SC the operator sets the standard images 
which is required to survey during a link time. The standard image library represents a 
data bank with Earth surface site images with the low resolution. 

SC enters into radiovisibility zone of ground control complex. The image of 
district site from survey camera downlink. After image downlink the visual axis of survey 
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camera is kept in center of transferred surface site. On ground control complex the survey 
object choice system automatically makes matching the obtained image with standard 
images given by operator. If on the obtained image there are district site images 
conterminous with standard one on a number of properties, the system forms and 
transmits on SC the command for survey these sites by detail camera. The SC control 
system carries out repointing of the detail camera on required surface site. The images 
obtained by detail camera is downlink. 

After finishing of image transmission the survey cycle repeats. The operator can 
analyze the new images and if necessary to bring them into standard image library. As a 
result of method analysis the following data on cycle duration, method productivity and 
decisionrnaking by the operator time (flight altitude is 400 kms) were obtained: 15-20 
sec, 30 - 40 objects per revolution, 1 sec. Such method will be realized on SC with mass 
about 200 kgs (purpose-oriented equipment mass is 20 - 30 kgs), radiochannel 
selfdescriptiveness is 1 Mbod. 

The most difficult is the interactive method with on-board image recognition 
means from the realization point of view. However to its advantage it is necessary to 
relate full automation of interactive control process. Due to this the large system 
productivity is achieved. 

At the gives method the operator sets Earth surface standard images or objects on 
its surface, which are required to be survey with the high resolution and brings these data 
into the on-board standard image library (during a link time). On-board the SC in addition 
the on-board standard image library and on-board videodata processing computer are 
installed. The on-board standard image library represents a data bank contained the 
required Earth surface site images and objects are being to survey. The library contains 
also object properties. The data bank can be changed and to be supplemented from 
ground control complex. 

SC begins survey in that moment, when is above the Earth site which is being a 
subject to learning. Originally district survey is carried out through the survey camera. 
After image obtaining the SC automatically (for this purpose survey camera videodata 
continuously is granted for SC control system) keeps survey camera visual axis in center 
of Earth surface site. The on-board computer makes matching the obtained image with 
the standard one which are taking place in the on-board library. If on the obtained image 
there are district site conterminous with standard one on a number of properties, the 
system forms the command for survey these site by detail camera. The obtained images 
are save in on-board computer. At SC positioning in radiovisibility zone these images can 
be downlilnk. It is possible to downlink not image as a whole but only formalized report 
on availability or absence on survey surface of objects conterminous with standard. 

After method analysis the following data on cycle duration and method 
productivity were obtained: 15-20 sec, up to 2 • 103 objects per revolution. For example, 
such method will be realized on SC with mass about 300 kgs (purpose-oriented 
equipment mass is up to 40 kgs), radiochannel selfdescriptiveness is 2 Mbod. 
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MajibiH KocMHMecKHH annapaT ,#JIH SKojiorHnecKoro MOHHTopHHra 
Ha 5a3e yHiKjnuuipoBaHHOH njiaitpopivibi 
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B cjio>KHBiiieHca B Hacroamee Bpeivia B POCCHH CHCTeiwe MOHHTopHHra 
npHpoÄHofi cpeflbi H 3KOJiorHiiecKoro KOHTpojia Ba^Hoe MecTO 3aHHMaeT 
MHorocneKTpajibHaH HHtJ)opMauHa cpe#Hero npocTpaHcreeHHoro pa3peuieHHa, 
nocrynaiomaa c npHÖopOB MCY-CK KOCMHHBCKHX annapaTOB cepHH "Pecypc- 
01". IllHpoKaa nojioca 3axBaTa H Hajinqne apxHBHbix flaHHbix 3a 
npOÄOiDKHTejibHbiH nepnoA Ha6jno,aeHHa ncwBOJiaiOT HCCJießOBaTb flHHaMHxy 
pa3jiHHHbix npoueccoB H oneparHBHO o6Hapy>KHBaTb pafioHbi sKOJiorH^ecKHX 
6eflCTBH0 npaKTHMecKH B JIK)6OH TOHKe TeppHTopHH POCCHH H flpyrHX CTpaH. 

Bojibuioe 3HaneHHe /yia o6ecneqeHHa nocroaHHoro KOHTpojia 3a 
SKOJiorHHecKOfi oöcTaHOBKofi HMeeT qacTOTa Ha6jno,n,eHHa, MTO, B CBOIO oqepejib, 
TpeSyex yBennneHua MHCJia KA. ripn Hcnojib30BaHHH o6biMHbix KA, 3TO CB«i3aHO 
co    3HaqHTejibHbiMH     3aTpaTaMH.     3(p(|)eKTHBHbiM    pemeHHeM aBJiaeTca 
Hcnorib30BaHne Manwx KOCMHMCCKHX annapaTOB ( MKA ). 

rio3TOMy aKTyajibHa npopaöoTKa ycraHOBKH MCY-CK Ha 
cneuHajiH3HpoBaHHOM MKA B KanecTBe 6a3bi, KOToporo npeAnojiaraeTca 
Hcnojib30BaHHe yHH^nunpoBaHHOH KOCMHMecKOH rmaT(J}opMbi, pa3pa6oTaHHOH B 
Hnn BHHH 3M. 

noKa3aHO, HTO Hcnojib30BaHHe coBpeivieHHbix TexHHiecKHX pemeHHH 
no3BOjraeT yjiyquiHTb xapaKTepHCTHKH MCY-CK B nacTHOCTH BBecra 
ÄonojiHHTejibHbiH KaHaji 3,5-4,1 MKM, yBejiHHHTb npocTpaHCTBeHHoe pa3pemeHHe 
B HH(|)paKpacHbix KaHajiax «o ypoBHa pa3peuieHHa B BHAHMHX, yßejiHHHTb pecypc 
paöoTbi H peajiH30BaTb Maccora6apHTHbie xapaKTepHCTHKH, yÄOBJieTBOpaiomHe 
Tpe6oBaHHSM ycTaHOBKH Ha MKA. 



Small space craft for ecological monitoring 
on the basis of a unified platform 
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In existing at the moment in Russia system of natural environment and 
ecological monitoring the important place is occupied with the MSU-SC medial 
spatial resolution multispectral information of space crafts "Resurs-Ol". The wide 
swath and presence of archival data for long period of supervision allow to 
investigate dynamics of various processes and quickly find out regions of 
ecological disasters practically in any point of Russia and other countries 
territory. 

The frequency of supervision has large importance for maintenance of the 
ecological conditions monitoring, that, in turn, requires increase of SC number. 
Use of usual SC is connected to significant expenses. The effective decision is use 
of small space crafts (SSC). 

Therefore study of the MSU-SC installation on specialised SSC, which use 
as base a unified space platform developed by VNIIEM, is urgent. 

Is shown, that use of the modern technical decisions allows to improve the 
MSU-SC characteristics in part of the 3,5-4,1 microns channel adding, 
increasing of the spatial resolution in infrared channels up to a level of the 
resolution in visible channels, increasing of resource of work and realising of mass 
and dimensions, satisfying the SSC installations requirements. 
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PetpepaT 

HepcneKTHBHaii KOCMtraecKaa fleaTejibHocTb npeflnojiaraeT peuiemie 3aaaHH 

oöcjiyjKHBamiH H peMOHTa KocMH^ecKHX o6i.eKTOB. Pa3pa6oTKa Majibix annapaTOB, 

BbinojiHaiomHX OTfleJibHBie BcnoMoraTejibHbie (pyHKHHH B STOM npoijecce, MBJiaeTca 

HOBbiM HanpaBJieHHeM MX pa3BHTna. B ßaHHOM ^oKfiaae paccMaTpHBaexca 

npo6jieMa oöecneieHHfl cTa6HJiH3aiiHH aBTOMarjraecKHX KOCMHTCCKHX annapaTOB 

(KA), noTepaBniHX opHeHTannio, c Hcnojn>30BaHHeM Majioro annapaTa - 

ÄHCTaHimoHHo ynpaBjiaeMoro MaHnnyjiHTopa (JIM)- Ilo pe3yjibTaTaM npoBeaeHHbix 

HccjieflOBaHHH npefljioxceH npoeKTHbiH O6JIHK annapaTa, npopaöoTaHbi ero 

ocHOBHbie cHCTeMbi H xapaKiepHCTHKH, onpe^eneHbi paiiHOHajibHbie oojiacra 

npHMeHeHHa H ajiropHTM Hcnojib30BamM npn peuieHHH 3a#a<ffl CTa6HjiH3ainiH 

OÖbeKTOB. 

npoeKTHbiH OSJIHK Majioro annapaTa 

Hanöojiee pacnpocxpaHeHHbie HeniTaTHbie cHTyainra, B03HHKaK)mHe Ha 

op6nxe, cBfBaHbi c nöTepen opneHTannH KOCMHHCCKHMH oöbeicraMH xaK B 

cjieflCTBHH OTKa3a Toro HUH HHoro ajieMeHTa, Tax H B pe3yjibTaTe OUIHÖKH SKHnajKa 

HjiH B nporpaMMHo-MaTeMaTHHecKOM oöecne^eHHH H3-3a HeoTpaöoTaHHocra 

OTflejibHbix onepauHH. 9TH cjiyqan, c OAHOH CTopoHbi, co3#aioT yrpo3y 

6e3onacHocTH flpyrHM KA, BKrao^aa H ajieMeHTbi MeayjyHapo^HOH KOCMmecKOH 

cTaHHHH (MKC), c Äpyrofi CTopoHbi, Moryr npHBo^HTb K noTepe yHHKanbHoro H 

floporocToamero o6opyn;oBaHHfl, ^ocTaBJiaeMoro KOCMHHCCKHMH oöbeKTaMH. 

^JIA oöecneneHHH 6e3onacHOCTH aBTOHOMHbix KA H HHcppacTpyioypbi 

CTaHHHH B TaKHX cHryainrax HeoöxoflHMO yBecTH aßapHHHbiH annapaT c op6HTbi 

MKC, oöecneHHTb npoBe^eHHe ero .zniarHocTHKH H cooTBeTCTByioiHHx peMOHTHbix 
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onepaipift. IIpH STOM, O«HOH H3 cjioxneffliiHX ÄHHaMH*iecKHX H xexnojionwecKHX 

onepaumi äHIISWKH nepcBOfl aBapHHHoro annapaxa H3 COCXO^HH» nponssojibHoro 

yrjioBoro     BpameHH»     B     cocxoamie     cxaOHjmsnpoBaHHoro     o6beKxa.     fljifl 

34)4)eKTHBHoro     pemeHPia     BTOH     KpnxJwecKOH     xexHOjiorHH     npefljiaraexca 

Hcnojib30Baxi>   Majibrä   annapax   -   flHcxamniOHHO   ynpaBJweMbin   Maffiinyjiaxop. 

OCHOBHOH   uejiLK)   axoro   Majioro   annapaxa   amwexca   >KecxKaa   cxbiKOBKa   c 

npoH3BOJibHO     BpamaiDimiMCH     KA,      ero      cxaÖHJiroamw     H     npoBefleHMe 

npe^BapHxejibHOH flHarHOCXHKH ero cjryxeÖHbix cHcxeM c nocjieflyromeii nepeflanen 

HHtpopMannn Ha 6opx aBXOMararaecKoro KA o6cjipKHBaHH» H peMOHxa (KAOP). 

TaKofi  MHoropasoBbrfi  MajibiH  annapax üBJMexca   cocxaBHoii  wxbio   annapaxa 

peMOHXHHKa   npn   o6men   Macce   -75+80   KT.   OH   o6opyfloBaH   34><i>eKXHBH0H 

cncxeMOH    ynpaBJieHHH    no    BHfleoH3o6paxeHHio,    ^BHraxenbHoii    ycxaHOBKon, 

ynpomeHHbiMH cjiyxeÖHbiMH, BKJIIOW H cncxeMy cxaOHJiHsanrai, paooxaioinen Ha 

nwpasHHe,      mW*      CXMKOBOHHMMH      ycxponcxBaMH      (CTY)      paararaHoro 

KOHcxpyKXHBHoro BbinojiHeHHa, cncxeMOH 3HeprocHa6xeHHfl n x.fl. OflHO H3 CTY 

HBJMexc«   mxaxHbiM   (xnna   "nixbipb-KOHyc")   H   npe^HasHaneHo   äJW   mxaxHon 

jKecxKon  cxbiKOBKH  c  oöcjiyxHBaeMbiMH   KA  (OKA),   Kor^a  xox  Haxo/mxc«  B 

cxa6HJiH3HpoBaHHOM      nanoxBHHH.      Bxopoe      CTY     ÄBJwexca      asapraHbiM 

cxbiKOBOTObiM   ycipoftcTBOM   H   ncnojibsyexca   xojibKo   B   XOM   cjiyqae,   KOW 

o6cjiyjKHBaeMbra     KA    Haxoflnxca    B    COCXOäHHH    nponsBOJibHoro     yrjioBoro 

BpameHHa. npoeKXHO-xoMnoHOBOHHaa cxeMa Manoro annapaxa - flHcxaHinioHHo 

ynpaBJMeMoro MaHraryjuixopa npHBe^eHa Ha pnc. 1. 

BbinojiHeHHe Kax mxaxHon, xaK n aBapnHHon CXMKOBKH flncxaHnnoHHo 

ynpaBJiaeMoro MaHHiiyjiaxopa c OKA npe^nojiaraex oöasaxejibHoe Hajimne B 

cocxaBe OKA naccnBHoro arperaxa CTY (npneMHoro KOHyca) H noBopoxHon 

npnnejibHOH nrraHrn c ycxaHOBJieHHbiM Ha ee KOHne MMKOM. 

CiieHapHH cfijuraceHHa P t-TMROBKii jiHCTaHUHQHHO ynpasjiaeMoro 

MaHHnvjiaTnpa c muH""""»»«» BpaiiiaroinHMCfl OKA 

1. 3aBHcaHHe (100+300 M) KAOP OKOJIO OKA c nejiwo onpeÄejieHHii 

napaMexpoB yraoBoro ÄBHxeraM OKA Ha ocHOBe aHajiHsa ero BH#eoH3o6pa>Keffii» 

H penieHH« sa/ra^n Bbiöopa onxHMajibHon cxpaxeran cojiroKeHna H CXHKOBKH C 

OKA H nocjie^yromero rainerora ero yraoBoH cKopocxn H cxaOHJinsanHH. 

2. OxflejieHHe flHcxainniOHHO ynpaBJMeMoro MamnryjMXOpa ox KAOP, ero 
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PHC.1. npoeKTHO-KOMnoHOBOHHafl cxeivia MammyjiflTopa RM 

(B KompHrypaijHH pjm CTBIKOBKH C HeKoonepHpyeMWM KA) 
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c6jiHxeHHe (peajiH3am«i TpaeKTOpHH "noromi") n xeerKaa cTbiKOBKa c OKA. 

TauieHHe yraoBoro ppvcKemvi OKA (3a CTOT HcnojiHMTejibHbix ÄBHraTejieö cncTeMM 

opHeHTannn MaHHnyjiHTopa) H cTa6HJiH3anH5i B 3aflaHHOM HanpaBJieHHH. 

YnpaBjieHHe jxBWxzeimeM flHCTaHnnoHHo ynpaBJiaeMoro MaHHnyjMTopa Ha sTanax 

c6jinxeHi«i, CTBIKOBKH H cTa6HJiH3auHH BbinojiHaeTCH no BH#eOH3o6pa>KeHHIO B 

nojiyaBTOMaTHraecKOM pe>KHMe. MteoöpaxeHHe nepeflaeTCü Ha Ha3eMHbrä KOMinreKC 

ynpaBjiemra (HKY) H KOMawwa c HKY Ha MaHHnyjMTOp nepe^aeTca c 

peTpaHCjimnien qepe3 KAOP. 

3. IIpoBefleHHe npeflBapHxejibHOH /jHaraocraKH COCTOHHHH 6opTOBbix CHCTCM 

OKA c peTpaHCJMinieH HH«popMaipffi nepe3 KAOP. 

4. npoBe^eHHe /niaraocTiraecKHX H peMOHTHO-BoccTaHOBHTejibHbix paöoT. 

5. Bo3BpameHHe MaHHnyjwTopa JIM Ha 6opT KAOP. 

ECJIH He yzjaeTca 3acTa6iuiH3HpoBaTb OKA (HanpHMep, npn nojiHOM pacxo^e 

ToiuiHBa) HJiH pe3yjibTa.Tbi npeflBaprcrejibHOH ÄHamocraKH noKa3HBaiOT, HTO OKA 

npeflCTaBJiaeT Henocpe^cxBeHHyio onacHOCTb äJIH KAOP, TO ZJHCTafflJMOHHO 

ynpaBJiaeMMH MarainyjiHTop OTflejMeTca OT oöcjiyscHBaeMoro annapara H 

B03BpamaeTca Ha 6opT KAOP (zyra ^o3anpaBKH H 3aTeM noBTOpHOH cTbiKOBKH c 

o6cjiyxHBaeMbiM KA). 3anacbi TomiHBa (rEwpa3HHa) Ha 6opTy KAOP IIO3BOJIJIIOT 

o6ecneHHTb flo 15 #o3anpaBOK MaHHnyjurropa, HTO, B CBOIO onepe^b, no3BOjiaeT eMy 

B HTOre 3aCTa6HJIH3HpOBaTb aBTOHOMHblH KA Maccofi ÄO 10 T. 

OcHOBHbie xapaKTepHCTHKH jHCTaHiwoHHO ynpaBJiaeMoro 

MaimnvjiHTopa (JM) 

TaöjiHHa 1. 

Macca annapaTa (6e3 3anpaBKH TOIIJIHBOM H pe3epBa), KT 50 

TaöapHTbi, MM 

ÄHaMeTp onHcaHHofi oKpysmocra 

BblCOTa 

600 

900 

3anac xapaicrepHCTHHecKOH CKOPOCTH, M/C 320 

3HepronoTpe6jieHHe, BT 

MaKCHMaiibHoe 

^exypHoe 

40 

6 

CncTeMa ynpaBJieHHa ßBiDKeHneM: 

ynpaBJieHHe no BH^;eoH3o6paxeHHio; 

B.ByjiaHOB 



HHTepaKTHBHaa nojiyaBTOMaTHHecKaü. 

^onycTHMbie napaMeTpbi CTWKOBKM: 

OTHOcHTejii>Haa CKOpocrb cöjiHxeHJW, M/C 

yroji Me5KHy BeKTOpoM flajibHOCTH H ocbio CTbiKOBOHHoro y3jia, 

rpa#. 

YrjioBaa   CKopocTb   Mesimy   BeKTOpoM   ^ajn>HOCTH   H   ocbio 

CTbiKOBOHHoro ysjia, rpa^/c 

10 

20 

20 

Pa3peniaioiii;aH cnocoönocTb TejieKaMepbi (c paccTcwraira 100 M), CM 6 

TpeöyeMaa ^ajibHocTb ^eHCTBua pazjHojiHHHH, KM 1 

HHcpopMaTHBHocTb paflHOJiHHHH Ha nepeßaMy, M6o,n; 2.5 

AHajiH3npyji ocHOBHbie xapaKTepHCTHKH MaHHnyjWTopa RM, npHBe,n;eHHbie B 

Ta6jiHD;e 1. HeoöxojjjiMo OTMeTHTb cjie/oyiomee: 

- 3anac xapaKxepHCTHHecKOH CKOpocTH (nopaflKa 320 M/C) no3BOji5ieT 

MaHHnyjraTopy ,H,M ocymecTBJMTb MHoroKpaTHbie TpaeicropHbie H ÄHHaMPraecioie 

MaHeBpbi B npouecce c6nMxeHHH H CTHKOBKH C oöcjiyxHBaeMbiM KA); 

- 3HeprocHa6xceHMe CHCTCM MaHHnyjMTOpa ,D,M ocymecTBJiaeTca OT 

aKKyMyjMTOpHOH HHKejib-KaaMHeBOH 6aTapen. MaKCHMajibHoe SHepronoTpeöjieHHe 

- 40 BT. Ha nocjicayiOHjHX cramuix npoeicrapoBaHHfl npeflnojiaraeTca 

Hcnojib30BaHHe 6ojiee MOHJHOH aKKyMyjiHTOpHOH 6arapeH c npHMeHeHHeM 

HHTHeBbix sjieMeHTOB H yBejiHTOHHeM MaKCHMajibHoro SHeproncnpeojieHHa #o 150- 

200 BT. 3TO UOSBOJIHT AonojimrrejibHO npc-Bo/jHTb ^HarHocTHKy 

(J)yHKD;HOHHpoBaHHa OCHOBHMX cjiyxeÖHbix CHCTeM H arperaTOB o6cjry>KHBaeMoro 

KA; 

- pa3peuiaioiii;a«  cnocoÖHOCTb TejieKaMepbi  MaHnnyjurropa flM   (6  CM  c 

paCCTOMHHfl    100   M   flaJIbHOCTH)   II03BOJMeT   npOBOflHTb   BH3yajIbHyK)   HHCIieKUHK) 

KocMH^ecKoro annapara c nepeflaHefi TejieHHCpopMauHH Ha 6opT KAOP HJIH B 

HKY; 

- Ha 6opTy MaHHnyjiHTopa ffM npe/iycMOTpeHO HajiHHHe ~10 KT ToiuiHBa 

(rKWpa3HHa), B KOHcrpyKUHH caMoro MaHHnyjiaropa JIM npe^ycMOTpeHo 

sanpaBo^Hoe ycTpoHCTBO, oöecneHHBaioinee 15-TH KpamyK) #03anpaBKy rn#pa3HHa 

c 6opTa KAOP. 

TaöjiHua 2. 

MaccoBaa CBO^Ka MaHHnyjiaTopa JIM 
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CHCTeMa 

BnneoKOMiuieKc 

CHCTeMa ynpaBJieraifl: 

•    axcejiepoMeTp 

• pycu 
EIJBM 

BopTOBOH paßHOKOMIUieKC: 

• npHeMHHK 

• nepe^aTHHK 

• aHTeHHbi 

• npoHHe sjieMeHTW 

CHCTeMa aneKTponHTaHHfl: 

•   aKKyMyjMTOpHaa 6arapeji 

•     yCTpOHCTBO ynp£lBJieHHH 

J3,BHraTejibHaa ycTaHOBKa: 

• ABHrarejiH (16) 

• arperaTbi nHeBMo-rHApocHCTeMM 

• 3anpaBKa 

CHCTeMa TepMoperyjiHpoBaHHa 

BKC 

KoHCTpyKHHH (c ywTOM npneMHoro KOHyca naccHBHoro CTA 

H 3axBaTHoro ycrpoHCTBa) 

Pe3epB 

HToro: 

JI,BHraTejibHaji ycTaHOBKa MaHHnyjiflTopa fl,M 

TexHHiecKHe xapaKTepHCTHKH ffY 

Macca, KT 

0.9 

2.9 

0.3 

1.8 

3.0 

7.7 

0.6 

1.0 

1.6 

4.5 

9.55 

9.0 

0.55 

22.8 

5.6 

6.8 

10.4 

0.8 

2.1 

20.65 

2.6 

73.0 

Ta6jiHua 3. 

B.ByjiaHOB 

llapaMeTp EÄHHHHa H3MepeHHfI 3HaneHHe 

PacnonaraeMaü                       Tara 

MHKpoflBHraTejifl 

H 10 

KojiHHecTBO MHKpo^BHraTejieH nrr. 16 

Macca ToiuiHBa 

•   aKTHBHaa 

Kr 

10.0 
„ . —1 



•   o6iu,aa 10.4 

CncTeMa HajmyBa ra30Baa cHCTeMa 

no^aHH npHMoro 

pacniHpeHKa 

Macca Jiy (cyxaa) KT 12.4 

Xo;ejiLHbiH                       HMnyjibc 

MHKpoflBHraTejia 

H C/KT 2000 

^BHraTejibHaa ycxaHOBKa paöoTaeT Ha oflHOKOMnoHemHOM ToroiHBe - 

ruflpaaHHe. 

CncTeMa HajwyBa,. B cncTCMe Hcnojib3yeTca 3anaceHHbiti B TOIUIHBHOM 6aice 

ra3, HaxoflHmHHca noa flaBJieHHeM He MeHee 2»106 Ila. Ta3 HafluyBa rejiMH. Ilo 

Mepe BbipaöoTKH ToiuiHBa ^aBjieHHe B TOIUIHBHOM 6aKe yMeHbuiaeTCü, HO K 

MOMemy nojiHOH Bbipa6oTKH TonjiHBa npeBbimaeT AaBjieHHe B KaMepe cropamw 

ÄBHraTejia Ha BejiHHHHy rHnpaiuiHHecKHX noTepb no Tpaiay. 

CncTeMa no^aHH TonjiHBa^ CncTeMa BKHio^aeT ToiuiHBHbiH 6aK, nnponaTpoH 

c nnpoK/ianaHOM, cTa6HjiH3aT0p flaBjieHHa, 3anpaBO*iHbie H npoBepo^Hbie K/ianaHbi. 

RJW 3anycKa ÄBHrarejieH B HeBecoMocm BHyrpH ctpepnqecKoro ToiuiHBHoro 

6aKa Haxo^HTca (J)a3opa3flejrHTejibHoe ycTponcTBo KannnapHoro rana (ceTKH). 

3jieKTporHa;poKjianaHM OTceKaiOT ToroiHBHbie MaracTpajiH OT KOJUieKTOpoB c 

MHKpo^BHraTejMMH, ^TO noBMHiaeT HafleiKHOCTb cHCTeMbi B cnyqae 

HerepMeTHHHocTH ynpasjiaioinHX KJianaHOB MHKpo^BHraTejien. Cra6HJTH3aTop 

ÄaBJieHHa npHMCHaeTca jyw perynHpoBamra flaBJiemw B KaMepax cropaHHH 

MHKpoflBHraTejiefi H paöoTaeT icaK sueKTpope^yKTop. 

BnaeoKOMiuieKc (BK) MaHHnyjMTopa /JM 

OcHOBHbie uejiH H sa^a^n: 

• nojiyneHHe     nepHo-6ejioro     H3o6paxeHHa     oöbeicra     c     3a^aHHbiM 

pa3peii][eHHeM; 

• npeflBapHTejibHaa o6pa6oTKa BHn;eoH3o6paxeHH5i; 

• cpopMHpoBaHHe o6pa3a oöbeicra. 

B.ByjiaHOB 



OcHOBHbie TexHHraecKHe xapaKTepHCTHKH BK 

Ta6nHU,a 4. 

XapaKTepHCTHKH BK 3HaHeHHa 

Pa3MepHocTb IT3C MaTpmjbi 512x512 

OoKycHoe paccTOüHHe oöteicraBa, MM 8 

Pa3peuieHHe: 

• yrjioBoe, paa 

• Ha ßajIbHOCTH 100 M, M 

6xl04 

0.06 

none 3peHH5i BHßeoKaMepbi 32°x23° (756 KBaflpambix 

rpafl) 

06teM Ka#pa BPmeoH3o6paxeHH5i, M6HT 2.4 

BpeMa 4>opMHpoBaHHfl Ka#pa Bna;eoH3o6paxeHHH, c 0.02 

TaöapHTM, MM (npoTOTHn): 

• OÖbeKTHB 

• KaMepa 

40x30 

50x50x30 

Macca, r (npoTOTHn): 

• o6beKTHB 

• KaMepa c aneMeirraMH KOHCTPYKIJHH 

120 

780 

3HepronoTpe6jieHHe, BT 3 

BopTOBOH BblHHCJIHTejIbHMH KOMUJieKC MaminyjiaTopa ßM 

Taöjiima 5. 

OcHOBHbie TexHHHecKHe xapaKTepHCTHKH EIJBM 

Pa3pflWHOCTb flaHHblX, 6HT 

06beM ri3y, K6aHT 

06beM onepaTHBHoit naMHTH, K6airr 

BpeMÄ BbmojiHeHHa KOMaHA Tuna peracTp-peracTp, MKC 

06beM 6y4>epHOH naM*rra,  M6HT 

/JjIHTejIbHOCTb UHKJia MTeHHH, HC 

3HepronoTpe6jieHHe, BT: 

• MaKCHMajibHoe 

• flexypHoe 

B.ByjiaHOB 

16 

512 

512 

2 

1 (16 ÖJIOKOB no 64 

K6aHT) 

85 

7 

2 



Macca, KT 

TaöapHTM, MM 

3 

180x180x80 

OcHOBHtie peniaeMbie 3ajianw. 

• o6pa6oTKa    H    xpaHenne    nporpaMMHO-KOMaHWHOH    HHCpopMauHH    c 

nocjieflyioineH ee Bbifla^efi (pyHKHHOHajibHbiM MOflyjiHM; 

• nporpaMMHoe     oöecne^eHHe    JJJW     <pyHKL(HOHHpoBaHHH     pa3JiiraHbix 

MOflyjieH H HX TecTHpoBamra; 

• CHHXpOHH3aHHJI paÖOTM ÖOpTOBblX CHCTCM; 

• oöpaöoTKa BHmeoH3o6paxeHHH fljia nojiyqemifl HHCpopMaHHH o B3aHMH0H 

opneHTaHHH H nojioxemm Me^uy oöbeieraMH; 

• oöpaöoTKa BH^;eoH3o6paaceHHH mvi opneHTanHH B  3Be3flHOH  CHCTeMe 

Koop^HHaT; 

• opraHH3ainia paöoTbi H ynpaBjieHHe paöoTOH öopTOBbix CHCTCM; 

• xpaHeHHe BHAeoHsoöpaxeHHH H nouroTOBKa K nepe^ane; 

• ynpaBjieraie ßBiDKeHneM H opHeHTaHHeii annapaTa; 

• oöpaöoTKa,   xpaneHHe   H   no^roTOBKa   K   nepe^a^e   TejieMeTpH^ecKOH 

HHCJpopMaHHH; 

• npoBe^eHHe TecTOBbix npoBepoK BO BpeMa Haxo5K#eHHfl Ha öopiy KAOP 

H Ha 3eMjie; 

• OpraHH3aHHÄ (pyHKHHOHHpOBaHHJI CHCTeM MaHHnyjiHTopa JIM B COCTaBe 

KAOP. 

Hcnojib3yeMbie CHCTCMM HaBeaemia B 3aaaie cSjUDKemm jucTaHUHOHHoro 

MaHHiiyjiHTopa c npoH3BQjibHo BpamaroiifflMca oöcjiyaoiBaeMbiM KA 

B paccMaTpHBaeMOH sazja^e ßjisi nojiyqemra HHCpopMauHH o napaMeTpax 

naccHBHoro npoH3BOJibHo Bpamaiomeroca KA Moryr Hcnojib30BaTbca pa3jiEraHbie 

(^HSiraecKHe nprannaibi. OflHaKO, c yqeroM cynjecTByioniHX cpeflCTB HaBe^eHna, B 

cocTaBe 6opTOBoro o6opynoBaHiM MaHHnyjiHTopa 6bvm Hcnanb30BaHbi BH#eo, 

HH<J)paKpacHaH H paflHOjioKauHOHHafl cHCTeMa HaBe^eHiw. HHDKS 6ojiee no^po6HO 

paccMOTpeHa jraiiib TejieBHSHOHHaa CHcreMa (CM. pnc.2.). 

CHCTeMa HaBefleHH« Ha HeKoonepHpyeMbiii oöbeKT aoiDKHa oöecne^HBaTb 

nojryqemie HH(popMauHH o napaMeTpax ;n»DKeHiüi HeKoonepnpyeMoro oöbeicra, 

oöpaÖOTKy 3THX napaMeTfioB c uejibio (popMHpoBaHHJi TpaeicropHH noroHH H 
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4>opMHpoBaTb    KOMaHßfei    ynpaBjieHiw    flBHraTenbHbiMH    ycraHOBKaMH    Majioro 

KocMiraecKoro annapaTa-nepexBaTOHKa MaHnnyjurropa flM. 

TejieBH3HOHHaa cHCTeMa, Hcnojib3yeMa«[ fljia uejien HaBefleHHfl, noKa3aHa Ha 

PHC.2. 

KocMHHecKHH annapaT-nepexBaFfflK saxo^HT K HeKoonepHpyeMOMy oöbeoy 

c cojmeHHOH cTopOHbi (B CBeraoe BpeMa cyroK). HHtpopMaHHfl c 

KopoTKo4>oKycHoro o6beKTHBa 2 nocTynaeT Ha n3C-MaTpHuy 6, (popMHpyiomyio 

cHrHaji H3o6pa5KeHHH. CHCTeMa CHHTbiBaHHH H3o6pa5KeHHH 7 (popMHpyeT B 

HH4»POBOM BH^e HH^bpMaHHK), nocTynaiomyio Ha nponeccop o6pa6oTKH 

BHfleoHHCpopMaHHH 8. B pe3yjibTaTe oöpaöoTKH BHfleomwpopManHH Ha KOHTponjiep 

ynpaMemra flBHraTejibHMMH ycTanoBKaMH nocrynaiOT cnraajibi, cooTBeTCTByioiUHe 

TpaeKTopHH noroHH 3a HeKoonepnpyeMbiM oöbeKTOM. B nponecce o6pa6oTKH 

BHneoHH(|)opMaHHH peinaeTca 3a«a^a pacno3HaBaHHH o6pa3a o6i>eKTa, sTajioHHaji 

HH(|)OpMaHH5I O KOTOpOM XpaHHTCfl B ÖJIOKe naMOTH 10. 

Etocjie HaBeÄemra Ha HeKoonepHpyeMbm oöteKT no HHcpopMauroi c 

KopoTKo4>oKycHoro o6beKTHBa nponeccop o6pa6oTKH BHAeoHHcpopMannn 

4>opMHpyeT CHTHanbi, nocTynaioume Ha KOHTpojuiep npHBo^a .zjJiHHHOCpoKycHoro 

oöbeKTHBa 4. B nponecce c6jiHxeHHJi c HeKoonepHpyeMbiM oöbeKTOM c nejibio 

CTbiKOBKH    Hcnojib3yeTCH    HH<popMani«i,    nocTynaiomaa    c    .zmHHHocpoKycHoro 

oöbeKTHBa 1. 

HajnrqHe npHBo^a fljiHHHO(poKycHoro oöieicraBa no3BOJi*ieT sKOHOMHTb 

TOTUiHBO flBHraTejibHbix ycTaHOBOK npH KojieöaTejibHbix ÄBHxeHHflx 

HeKoonepHpyeMoro oÖTbeiera. 

B Tex cjiyqaax xor^a HeKoonepHpyeMbra o6beKT He ocsemeH CojiHHeM 

MoxceT npHMeHaTbCü HHcppaKpacHan CHCTeMa HaBe^eHHfl c Hcnojib30BaroieM 

HCTO^HHKa oöjiyqeHHü oöbeKTa HHtppaKpacHbiMH jiyqaMH. Ha uiTaHre 

HeKoonepHpyeMoro      o6beicra     pacnonaraeTCJi      oTpaxarejib      HH(ppaKpacHoro 

H3JiyqeHHH.   B  OTJIHHHe OT TejieBH3HOHHOH  CHCTeMbI  HaBefleHHH HyBCTBHTeJIbHblMH 

sjieMeHTaMH       aBjraiOTCfl       p-i-n-       flHOÄbi,       oöecne^HBaiomHe       BbicoKyio 

HyBCTBHTeJIbHOCTb K HH<J)paKpaCHOMy H3JiyqeHHK) C COXpaHeHHeM HH3KOrO ypOBHfl 

SJieRTpH^ieCKHX UiyMOB. 

PajmojioKauHOHHaM CHCTeMa HaBe#eHiw Tpe6yeT HajnraHfl Ha nrraHre 

HeKoonepHpyeMoro o6i>eKTa yrojiKOBbix oTpaxaTejien, oTpaxaronnix 

paflHOH3JiyHeHHe c äJIHHOH Bojmbi B eflHHHHbi MHJUiHMeTpoB. 
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PHC.2. TejieBH3HOHHaa CHCTeMa HaBe^eHHü 

06o3Ha^eHH5i Ha pnc.2.: 

1 ,H7IHHHO(pOKyCHbIH OÖbeKTHB 

2 KOpOTK04>OKyCHbIH OÖbeKTHB 

3 npHBOfl fljiHHHO(|)OKycHoro o6i>eKTHBa 

4 Kompojuiep npHBO^a ßjiHHHocpoKycHoro o6i>eKTHBa 

5, 6    EBM-MaTpHnbi onTHKoajieKTpoHHwx npeo6pa30BaTejien 

7 

8 

9 

10 

11 

CHCTeMa CHHTHBaHHfl H3o6paxeHHa 

nponeccop oöpaöoTKH BH^eoHHcpopMairHH 

KOHTpojuiep ynpaBJiemw flBHrarejibHbiMH ycTaHOBtcaMH 

ÖJIOK naMSTH 

HCTOHHHK BTOpH^HOfO SJieKTponHTaHIM 

TaKHM o6pa30M, npHBe^eHHbie B craTbe TexHiwecKHH OöJIHK H ocHOBHbie 

TexHiwecKHe xapaKTepHCTHKH Manoro annapaTa - /JHCTaHHHOHHo ynpaBJiaeMoro 

MaHHiiyjiflTopa no3BOJiflK)T 3(p(peKTHBHo peuiHTb npo6jieMy CTaÖHJiKraauHH 

npoH3BOJibHO Bpamaiomeroca aBTOHOMHoro KA H 3aTeM o6ecnewrb npoBcnemie 

npeflBapHTejibHOH flnamocTHKH ero cjiyaceÖHbix CHCTCM. Pe3yjibTaTbi /niaraocTHKH 

nepe^aiOTCÄ Ha 6opT annapaTa peMOHTHHKa (KAOP) pjw nocjie^yiomero aHajra3a H 

npHHaraa peuieHHH. 
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Small apparatus as an element of perspectiv system 

service of space objects 

V. Bulanov, G. Uspenskiy, V. Ivanov, V. Mironov 

141070, Korolyov, Moscow area 
Street. Pionerskaya, 4. 

Fax:(095)513-42-92 

The abstract 

The perspectiv space activity assumes the decision of a problem of service and repair of 

space objects. The development of small apparatus, carrying out separate auxiliary functions in 

this process, is a new direction of their development. In the given report a problem of 

maintenance of stabilization of automatic space vehicles (ASV), losing orientation, with use of 

the small apparatus - distantly of the controlled manipulator (CM) is considered. By results of 

spent researches design shape of the apparatus is offered, its basic systems and characteristics are 

worked, rational areas of application and algorithm of use are determined at the decision of a 

problem of stabilization of objects. 

Design shape of the small apparatus 

The most distributed accident situations, arising on an orbit, are connected to loss of 

orientation by space objects as in a consequence of a refusal that or other element, and in result 

of an error of crew or in a program-software because of unreliable of separate operations. These 

cases, on the one hand, create threat to safety other SV, switching on and elements of 

international space station (ISS), on the other hand, can result in loss of the unique and expensive 

equipment, delivered by space objects. 

For good safety independent SV and the infrastructures of station in such situations are 

necessary for withdrawing the emergency apparatus from an orbit ISS, to ensure realization of its 



diagnostics and appropriate repair operations. Thus, one of most difficult of dynamic and 

technological operations translation of the emergency apparatus from a condition of any angular 

rotation in a condition of stabilized object is. For the effective decision of this critical technology 

it is offered to use the small apparatus distantially the controlled manipulator. The basic purpose 

of this small apparatus is rigid coupling with arbitrary rotating SV, its stabilization and 

realization of preliminary diagnostics of its service systems with the subsequent transfer of the 

information aboard automatic ASV of service and repair (SVSR). Such reusable small apparatus 

is a component of the apparatus of the repairman at general weight (75... 80) kgs. It is equipped 

by an effective system of management under the videoimage, impellent installation, simplified 

service, switching on and system of stabilization, working on hydrasine, two coapling devices 

(CD) various constructive fulfilment, system of power supply and etc.. One of SD is regular 

(type "probe - cone") and is intended for regular rigid coupling with served SV (SSV), when that 

is in a stabilized rule (situation). Second CD is emergency coupling device and is used only in 

that case, when served SV is in a condition of any angular rotation. The project- layout circuit of 

the small apparatus distantly of the controlled manipulator is resulted on fig. 1. The fulfilment 

both regular, and emergency coupling distantly of the controlled manipulator with SSV assumes 

certain presence in structure SSV of the passive unit CD (reception cone) and rotary sighting of a 

bar with established on its end beacon. 

The script of rapproachement and coupling distantly controlled 
Manipulator with arbitrary rotating SSV 

1. Lag (100... 300 M) SVSR about SSV with the purpose of definition of parameters of 

an angular movement SSV on the basis of the analysis of its videoimage and decision of a 

problem of a choice of optimum strategy of rapproachement and coupling with SSV and 

subsequent clearing of its angular speed and stabilization. 

2. Branch distantially of the controlled manipulator from SVSR, its rapproachement 

(realization of a trajectory of "pursuit") and rigid coupling with SSV. Clearing an angular 

movement SSV (at the expense of the executive engines of system of orientation of the 

manipulator) and stabilization in a given direction. The management of a movement distantly 

of the controlled manipulator at stages of rapproachement, coupling and 
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Fig.l. Project-layout circuit of the manipulator CM 

(In a configuration for coupling with unco-operative S V) 
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stabilization is carried out under the videoimage in a semi-automatic mode. The image is 

transferred to a ground complex of management (LMC) and the team with LMC on the 

manipulator is transferred with retranlation through SVSR. 

3. Realization of preliminary diagnostics of a condition onboard systems SSV with 

retranslation of the information through SVSR. 

4. Realization diagnostic and repair and restorative works. 

5. Returning the manipulator CM aboard SVSR. 

If not it is possible stabilization for SSV (for example, at the complete charge of fuel) or 

results of preliminary diagnostics show, that SSV represents direct danger for SVSR, distantly 

the controlled manipulator is separated from the served apparatus and comes back aboard SVSR 

(for fill up and then repeated coupling with served SV). Stocks of fuel (hydrazine) onboard 

SVSR allow to ensure up to 15 fill up of the manipulator, that, in turn, allows it in a total 

stabilization independent SV in weight up to 10 T. 

The basic characteristics distantly controlled Manipulator (CM) 

Table 1. 

Weight of the apparatus (without fill up by fuel and reserve), kg 50 

Dimensions, mm 
Diameter of a described circle 
 Height  

600 
900 

Reserv of characteristic speed, m/sec 320 

Power, Wt 
Maximum 
 On duty 

40 
6 

Control system a movement: 
Government under the videoimage; 
Interactiv semi-automatic. 

Allowable parameters coupling: 
Relative speed of rapproachement, m/sec 
Corner between a vector of range and axis coupling unit, hailstones. 
Angular speed between a vector of range and axis coupling  unit, 

hailstones / sec 

10 

20 

20 
Resolution of the telechamber (from distance 100 m), sm 
Required range of action of a radioline, km 1 
Information capability of a radioline for transfer, Mbod 2,5 
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Analyzing the basic characteristics of the manipulator CM, resulted in table 1. It is 

necessary to note following: 

Reserve of characteristic speed (about 320 M/C) allows to the manipulator CM to carry 

out repeated trajectory and dynamic manoeuvres during rapproachement and coupling with 

served SV); 

- the power supply of systems of the manipulator CM comes true from storage Ni -Kd 

battery. Maximum power - 40 Wt. At the subsequent stages of designing use of the more 

powerful storage battery with application Li - elements and increase power maximum up to 150- 

200 Wt is supposed. It will allow in addition to carry out diagnostics of functioning of the basic 

service systems and units served SV; 

- resolution of the telechamber of the manipulator CM (6 sm from distance 100 m of 

range) allows to carry out visual inspection of a space vehicle with transfer of the teleinformation 

aboard SVSR or in LMC. 

- onboard the manipulator CM presence (10 kg of fuel (hydrasine) is stipulated, in a 

design of the manipulator CM the refuelling device, ensuring 15-TH divisible fill up hidrasine 

from a board SVSR is stipulated. 

Table 2. 

The mass report of the manipulator CM 

System Weight, 
kg 

Videocomplex 0,9 
Control system: 2,9 

Accelerometer 0,3 
Angular speed measurement gauges 1,8 

Board computer 3,0 
Board radiocomplex: 7,7 

The receiver 0,6 
The transmitter 1,0 
Aerials 1,6 
Other elements 4,5 

System of the power supply: 9,55 
The storage battery 9,0 
The device of management 0,55 

Impellent installation: 22,8 
Engines (16) 5,6 
Gas-hidro system units 6,8 
Fill up 10,4 
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Thermo-control system 

BKC 

Design (in view of a reception cone passive HUNDRED and captor the 

device) -   
Reserve 
Total: 

0,8 

2,1 

20,65 

2,6 
73,0 

Impellent installation of the manipulator CM 

Engine characteristics 

Table 3. 

Parameter Unit of measurements Meaning 

Available draft of the microengine N 10 

Ouantitv(amount) of microengines - 16 

Weight of fuel 
Active 
General 

Kg 
10,0 
10,4 

System of pressurization Gas system of 
submission of direct 

expansion 

Weight engine (dry) Kg 12.4 

Specific pulse of the microengine N sek / kg 2000 

The impellent installation works on one-component fuel - hydrasine. 

System of pressurization. In system gas reserved in a fuel tank, being under pressure not 

less 2.106 ria, is used. Gas of pressurization - He. In accordance with development of fuel the 

pressure in a fuel tank decreases, but to a moment of complete development of fuel exceeds 

pressure in the chamber of combustion of the engine on size of hydraulic losses on a path. 

System of submission of fuel. The system includes a fuel tank, explosive valve with 

explosive valve, stabilizer of pressure, refuelling and verifying valves. 

For start of engines in weightlessness inside a spherical fuel tank is phase devided 

capillar device. Electro - hidraulic valves cut fuel highways from collectors with microengines, 

that raises reliability of system in a case unhermetisatuon of managing valves of microengines. 

The stabilizer of pressure is applied to regulation of pressure in chambers of combustion of 

microengines and works as electroreductor. 

V.Bulanov 



Videocomplex (VC) manipulator CM 

Basic purposes and problems: 

Reception of the black-and-white image of object with the given sanction; 

Prelimimiry processing of the videoimage; 

Formation of an image of object. 

Table 4. 
  The basic characteristics VC 

The characteristics VK Meanings 

Dimension CCD chip 512x512 

Focus distance objective, mm 8 
The sanction: 

Angular, is glad 
On range 100 m, m 

6xl04 

0,06 
Field of sight of the videochamber 32u x 23" (756 square 

hailstones) 
Volume of the staff of the videoimage, Mbit 2.4 
Time of formation of the staff of the videoimage, sec 0,02 
Dimensions, mm (prototype): 

Objective 
The chamber 

40x30 
50x50x30 

Weight, r (prototype): 
Objective 
The chamber with elements of a design 

120 
780 

Power, Wt 3,0 

The board computer complex of the manipulator CM 

The basic characteristics board computer 
Table 5. 

Word length of data, bit 
Volume the read - only STORAGE, Kilobyte 
Volume of operative memory, Kilobyte 
Time of fulfilment of teams of a type the register - register, mcsec 
Volume of buffer memory, Mb 

16 
512 
512 

2 
1 (16 units, 64 kb of 

Duration of a cycle of reading, nsec 
Power, Wt 

each) 
85 

Maximum 7 
On duty 

Weight, kg 
Dimensions, mm 

2 
3 

180x180x80 
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Basic soluble problems: 
Processing and xpaHeHHe of the programe - information with the  subsequent its 

distribution to functional modules; 

The software for functioning various modules and their testing; 

Synchronization of work onboard systems; 
Processing the videoimages for reception of the information about mutual orientation and 

situation between objects; 

Processing the videoimages for orientation in star - system of coordinates; 

Organization of work and management of work onboard systems; 

Prezervation of the videoimages and preparation for transfer; 

Management of a movement and orientation of the apparatus; 

Processing, keeping and preparation for transfer of the telemetering information; 

Realization of test checks during a presence onboard SVSR and on ground; 

Organization of functioning of systems of the manipulator CM in structure SVSR. 

Used systems of prompting in a problem of rapproachement of the remote manipulator with 

arbitrary rotating served SV. 
In a considered problem for reception of the information about parameters passive 

arbitrary rotating SV various physical principles can be used. However, in view of existing 

means of prompting, in structure onboard equipment of the manipulator were used video, 

infrared and radar-tracking system of prompting. Below in more detail television system (see fig. 

2 is considered only.). 
The system of prompting on unco-coperative object should provide reception of the 

information about parameters of a movement unco-coperative object, processing of these 

parameters with the purpose of formation of a trajectory of a pursuit and to form teams of 

management by impellent installations of a small space vehicle -  the manipulator CM. 

The television system, used for the purposes of prompting, is shown on fig. 2. 

The space vehicle CM goes to unco-operative object from the solar party (to light time of 

days). The information with short-focus objective 2 acts on a CCD chip 6, forming a signal of 

the image. The system of reading of the image 7 forms in a digital kind the information, acting 

on the processor of processing of the videoinformation 8. In result of processing of the 

Videoinformation on the controller of management by impellent installations signals, appropriate 
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to a trajectory of a pursuit for unco-coperative by object, act. During processing the 

videoinformation a problem of recognition of an image of object is solved, the reference 

information about which is stored in the block of memory 10. 

After prompting on unco-coperative object under the information with short-focus 

objective the processor of processing of the videoinformation forms signals, acting on the 

controller of a drive long-focus objective 4. During rapproachement with unco-coperative the 

object with the purpose coupling uses the information, acting with long-focus objective 1. 

Presence of a drive long-focus objective allows to save fuel of impellent installations at 

oscillatory movements unco-coperative object. 

In those cases when unco-coperative the object is not covered by the Sun system of 

prompting with use of a source beaming of object infrared by beams can be applied infrared. On 

a bar unco-coperative of object places reflector infrared radiation. As against television system of 

prompting sensitive elements are p-i-n- diodes, ensuring high sensitivity to infrared to radiation 

with preservation of a low level of electrical noise. 

The radar-tracking system of prompting requires presence on a bar unco-coperative of 

object corner reflectors, reflecting radioradiation with length of a wave in units of mms. 

1 

t •5 
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—»- 
7 

0 
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1 L 

1 1 1 0 

Fig.2. Television system of prompting 
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Designation on fig. 2.: 

1 Long-focus objective 

2 Short-focus objective 

3 Drive Long-focus objective 

4 Controller of a drive Long-focus objective 

5, 6 CCD chip optic-electronic converters 

7 System of reading of the image 

8 Processor of processing of the videoinformation 

9 Controller of management by impellent installations 

10 Block of memory 

11 Source of the secondary power supply 

Thus, resulted in the article technical shape and basic characteristics of the small 

apparatus - distantly of the controlled manipulator allow effectively to decide a problem of 

stabilization arbitrary rotating independent SV and then to ensure realization of preliminary 

diagnostics of its service systems. The results of diagnostics are transferred aboard the apparatus 

of the repairman SVSR for the subsequent analysis and acceptance of the decisions. 

V.Bulanov 



npoßjieMW H nepcneKTHBH pa3BHTHa CHCTCM 

flHCTaHIXHOHHOrO 30HflHpOBaHH» 3eMJIH Ha OCHOBe MajIHX 
CnyTHHKOB 

A.H.Ky3HH, A.H./l,y6oBOH., C.B.IIyniKapcKHH 
4 LJHHH MO PO 

141090, r.IOÖHjieHHMH MOCKOBCKOH oönacTH, 
yji. THXOHpaBOBa 

TCJI.519-86-80, (paKc: 184-92-12 

OöecneneHHe BMCOKHX ypoBHeö TaKTHKo-TexHiraecKHX xapaKTepHCTHK 
(jiHHeÖHoro pa3peineHH5i, KojiiraecTBa CHHMaeMbix oGteKTOB, cpoKOB ax- 
THBHOrO (pyHKUHOHHpOBaHHH). 

üepeflana nojiyqeHHoft HH<|)opMaHHH Ha nyHKTM npHeMa B peajibHOM 
Macnrra6e BpeMeHH. 

IÜHpOKOe HCnOJIbSOBaHHe nOCJie^HHX ßOCTJDKeHHH B MHHHaTK>pH3a- 
UHH H MHKpOajieiGpOHHKe. 

Co3flaHHe CHCTeM ßHCTaHHHOHHoro 30HflHpoBaHHa 3eMjiH c annapaTy- 
poH, (pyHKHHOHHpyromeH B pa3JiiraHMX ,n;Hana30Hax aneicrpoMarHHTHoro 
cneKTpa. 

A.Ky3HH 



Problems and Perspectives of Development of Earth Location 
Systems Based on Small Satellites. 

Kuzin A. L, Dubovoy A.N., Pusharskiy S.V. 

Providing   of  high-level   tactical   and   technical   characteristics   (linear 
accuacy, number of objects, active existence duration of satellites). 

Transmitting of takn information to earth receiving technical points in real 
time. 

Wide using of last results in microelecronics. 
Development of Earth distant location satellite systems in different bands 

of electromagnetic range. 

A. Kuzin 



Majiopa3MepHHH crryxHHK ßHcxaHijHOHHoro 
3oH^pnpoBaHHfl SeMjiH B HH(J)paKpacHOM flHana30He 

B. Jl. Xo/tacaeB, üyiUKHH H.M., AHOX P.K, KacaTKHH H. JI. 
(HnO HsMepHxejibHaa xexHMKa);Cxpyjia H.JI., AKCöHOB K).A. 

(HriO   K0Mri03HT) 
141070, r. KopojieB MOCKOBCKOH oSjiacxM, 

yji. riHOHepcKaa, 2 
Teji. 513-12-05 

PaCCMaTpHBaiOTCH  BOnpOCH  pa3paÖOTKH,   H3rOXOBJieHHa  H  HCn0JIb30BaHMa 
MHHHaxiopHoro cnyxHMKa ,3,33 1 (Macca ßo 20KT) C annapaxypoft UK- «Hana30Ha 
B   cocTaBe   npe/nrojiaraeMoft   rjio6ajibHoft   HHcJiopMairHOHHO   -   ynpaanaiomeH 
CMCXeMbI 2. 

MHHHaTiopHbiö cnyTHHK ocnamaexca HK annapaxypoft, qyBCXBMxejibHOM B 

ÄHana30He AJIHH BOJTH 2-5mkm HJIM 8-14mkm. AnnapaTypa no3Bojiaex pemaxb 
cjieflyiomHe   3a%mm   oneparaBHoe   niflpo   HMexeopojionraecKoe   o6ecneqeHne, 
KOHXpOJIb   noaCapOB,    MOHHXOpHHr   OÖJiaKOB,   JieÄOBOH   H   CHeiKHOH    o6cXaHOBKH, 
HccjieflOBaHHe oKeaHciaix xe^eHHH; pa3Be^Ka 3eMHbix pecypcoB, H3yqeHMe 
ByjiKaHOB, pa3Be/uca Hecjyra, CHaxne TeroiOBbix Kapx MecxHoem; o6Hapy»ceHMe 
nycKa paKex. B oömeM cjiynae HK annapaxypa BKjiioqaex B ce6a xpH 
(pyHKiiHÖHajibHo 3aBepnieHHbix H MMeiomnx caMocxoaxejibHoe 3HayeHHe 
KOMnoHeHxa. 

HK 4)oxonpMeMHoe ycxpoiicxBo ( HK OITY ) Maccoft nopa^Ka 500r., rae 
raaBHbiM ajieMeHXOM aBjiaexca lUHpoKotpopMaxHbift MaxpHHHbifl HK 
{jjoxonpHeMHHK Ha ocHOBe XOHKHX ruieHOK (5-10 MKM) PbSnGeTe:In. Annapaxypa 
o6pa6oxKH HHcpopMauKH He acwoma npeßbiiuaxb no Macce (0,8-1,5 KT. 

BxopbiM KOMnoHeHxoM abTiaioxca cHcxeMbi oxnaacaeHHa, BbinojiHaeMbre, 
KaK npaBHJio, Ha 6a3e ra30Bbix KpHoreHHbrx MauiHH (rKM).fljia a30XHoro 
ypoBHa oxrcaayjeHHa ( 77 K ) yace ceftnac M3BecxHbi xoJioflHJibHbie MauiMHbi 
MaccoH ÄO 300r. JJjisi xennepaxyp oxnaxaeHHa HHxe a3oxHoft M Biuioxb äO 30 K 
cHcxeMa oxjiaacaeHHa Ha 6a3e H3BCCXHOH TKM xnna MCMr Öyzjex HMexb Maccy 
6-8Kr 

TpexbMM KOMnoHenroM aBJiaexca onxHKa. Pa3pa6oxaHa xexHOjioraa 
M3roxoBjieHHa o6jierqeHHbix 3epKan. 3epKaJibHbiH o6beKXHB cpezniero H /jajibHero 
HK - ÄHana30HOB Ha ocHOBe yrjiepqn; -Kap6Hfl - KpeMHHeBbix (C-Sic-Si) 
KOMno3HHHOHHbix MaxepMajioB. c yrjioM nojia 3peHHa 6-8° Moacex HMexb 
ra6apHXHbie pa3Mepbi nopa^Ka 0,3-0,4 m H Bee 3 kg. Ha ocHOBe GepHJuraa 
Moxex 6bixb pa3pa6oxaH o6i>eKXHB co BXOAHBIM 3paHKOM «HaMexpoM 100-150 MM, 

o6ecneqHBaK>mHK yMepeHHoe paspeuieHHe H Maccy He 6ojiee 0,5 KT. B SXOM 
cjiynae Bee flexajin o6x,eKXHBa H3roxaBJiHBaioxca H3 qznioro MaxepHajia, qxo 
o6ecneqHBaex MaKCHMajibHyio reoMexpHnecKyio cxa6HJibHocxb npH oxjiaxyi,eHHH. 

B.Xo/pfcaeB 



Satellite of a small size of remote sounding of earth (rse) in infrared range 

Khodjaev V.D., Pushkin N.M.,Achokh R.K.,Kasatkin I.L. , . 
( NPO Measuring engineering);   Strulja I.L., Aksenov Ju.A. 

( NPO Kompozit) 

The problems of development are considered, of manufacturing and use of 
a satellite of a mesh size of RSE1 (weight up to 20kg) with 

instrumentation of IK-range in a structure assumed global is 
informational - managing system . 

The miniature satellite is equipped IR by instrumentation, sensing in range of 
lengths of waves 2-5 or 8-14mkm. The instrumentation allows to decide the following 
problems: operating gydro and meteorological maintenance, control of fires, monitoring 
of clouds, ice and snow conditions(situation), research of ocean currents; investigation 
of earth resources, study of volcanos, investigation of petroleum, removal of thermal 
cards of district; detection of launch of rockets. In general case IR the instrumentation 
includes three functionally completed and have independent value of a component 

IR photoreceiving device (IR PRD) weight of the order 500g., where a main 
element is wide-form matrix IR the photoreceiver because of of thin films (5-10mkm) 
(PbSnGeTe:In). The instrumentation of information processing should not exceed on 
overall dimensions and weight 0,8-1,5 kg. 

The second component are the systems of cooling executed(designed), as a rule, 
on the basis of gas cryogenic machines (rKM) For a nitrogen level of cooling (77K) the 
refrigerating machines of weight up to 300g are already now known. For temperatures of 
cooling is lower nitrogen and down to 30K the system of cooling on the basis of known 
TKM of a type MCMr will have weight 6-8k 

The third component is the optics. The production process of the facilitated 
mirrors is developed. Mirror objective mean (middle) and distant IR - ranges because of 
carbon - carbide - silicon (C-SiC-Si) of composite materials with a angle of a field of 
sight 6-8° can have overall dimensions of the order 0,3-0,4 m and weight 3 kg. 
Because of of beryllium can be developed the objective with an entrance pupil of 
diameter 100-150 inm ensuring the moderate sanction and weight no more than 0,5 
kgs. In this case all the detailses of the objective are produced from one material, that 
provides maximum geometric stability at cooling. 



KoHijeimiia  MajToro  cnyrHHKa fljia flHCTaHnnoHHoro 
30H^HpoBaHH»  3eMjiH  Ha  6a3e  nepcneKTHBHbix 

OnTHKO-ajieKTpOHHWX   TeXHOJIOrHH 

H.fl.PoflHOHOB,   H.n.PoflHOHOBa 
HTIJ,    PeareHT,  r, MocKBa 
<DaKc:  (095)   155 - 45 - 33 

M.IO.OßqHHHHKOB 
HUM  HM. M.B.Kejiflbima, r. MocKBa 

BbicoKHe xapaicrepHCTHKH «öojibiiiHX» annapaTOB zyra ßß3 
CBM3aHM, B OCHOBHOM, c MexaHiraecKHM pemeHHeM npo6jieMhi 
HaBeaeHHa, CTa6njiH3anHM, nepenaHH ÖOJIBHIHX oÖbeMOB ^aHHbix no 
pa^HOKaHajiaM, oöecne^emie BMCOKOH MyBCTBHTejibHocTH 3a c^ex 
6ojibinoH anepiypbi o6beKTOB. 

HoBbie BO3MO3CH0CTH MHKpOMexaHHKH H HaHOTeXHOJIOrHH 
no3BojiaioT, B npHHu;Hne peinaTb STH npoÖjieMbi aHajioriwHbiM 
o6pa30M, HO c Ka^ecTBeHHbiM yMeHbineHHeM MaccoraSapHTOB H 
3HepronoTpe6jieHH«. 

ß 3TOM noflxofle Majibin cnyTHHK HBjraeTCfl yMeHbineHHon 
Können öojibinoro. 

O^HaKo, B03MoxeH H Äpyron noflxofl, B KoxopoM 3TH npo6jieMbi 
pemaiOTCfl 3a CHQT ycrpaHeraM Tpe6oBaHnn K TOHHOCTH HaBefleHHfl H 
CTa6njiH3annH, a BbicoKa» HyBCTBHTejibHocTb flocTnraeTCii 3a cqeT 
iflBaHTOBOH Hj^BCTBHTejibHocTH (poTonpHeMHbix ycTpoHCTB. Ylepcasma. 
aaHHbix ocymecTBjiaeTca no SKOHOMH^HMM jia3epHMM KaHajiaM CBA3H 

c  ajieKTpoHHWM BbicoKOTOHHbiM HaBeflemieM H flepiKamieM jiyna. 
ÜMeHHO   3TOT   BTOpOH   TlOffXOR   H   paCCMaTpHBaeTCfl   B   flOKJiafle. 
Il0Ka3aH0,    HTO    HMeeTCH    B03MOXHOCTb    He    TOJIbKO    peniHTb    HHCTO 

MaTeMaTHraecKHM nyreM npo6jieMbi HaBeflemra n CTa6njTH3anHH 
annapaTa, HO H o6ecne*mTb He peajiH30BaHHbie ,0,0 HacToamero 
BpeMeHH B öojibinnx cncxeMax CBOHCTBO - ranepcneicrpajibHoe 
pa3peineHne,  sKBHBajieHTHoe xnMnnecKOMy 3peHHio. 

Tpe6oBaHne K COöCTBCHHO cnymnKOBbiM HjianpopMaM B STOH 
KOHnennnn MHHHMa/ibHoe. 3TO H no3BOjraeT cTponTb Majiwe 
annapaTM 6e3 npnMeHemia yHHKajibHbix TexHOJioran MHKpOMexaHHKH 
H HaHOTexHOJiornn. 

OCHOBHWM        npHjiosKeHHeM        TaKHX        annapaTOB        HBJIHGTCA 
flHCTaHnHOHHblH    KOHTpOJIb    JIOKajIbHblX    npOMbHIIJieHHblX    30H  - Tpaccbi 
TpyöonpoBo^oB,     xnMiwecKne     npoH3BOflCTBa,     SKojioraqecKH  onacHbie 
OÖbeKTbl   H   AP- 

OcHOBHoe npeHMymecTBo TaKHX annapaTOB - nx Majiaa CTOHMocTb 
no cpaBHeHHK» c Tpa£Hn.HOHHbiMH cHCTeMaMH H Manoe BpeMH Ha 
peajiH3anHK) npoeKTa 1 - 1.5 ro#a. BMBO/I annapaTa MoaceT 
npoH3BOflHTbca MajibiMH paKeTaMH HJIH B KanecTBe  nonymoro rpy3a. 

HMeiomneca Ha pbiHKe KOMnoHenrbi H TexHojiornqecKnn 3afle.11 
no amiapaType no3BOjiaeT ocymecTBHTb npaKTEraecKyio peajiH3anHio 
npoeKTa       B       yKa3aHHbie       cpoxn       npn       HajiHHnn       CKpoMHoro 
(pHHaHCHpOBaHHH. 

H.POÄHOHOB 



Komjeimus  H  npaKTHnecKaa  peajiH3an;HH  aKojiorareecKOH THC 
HorHHCKoro  pafioHa   MOCKOBCKOH   o6jiacTH 

BopoHOBa M. B., 2KyKOB B.T., JIasapeB T.E., 
PeBKOB A.H., MepHHii,OBa O.B., HHCTOB C.B. 

(Mry HM. M.BJlOMOHOCOBa) 

Docjie^HHe roffbi xapaKTepH3yK>Tca noiiBJieHHeM pa3Hoo6pa3Hbix 
reorpa<pHHecKHX HHcpopMauHOHHbrx CHCTCM (rHC), npH3BaHHbix peinaTb B 

TOM HHCJie H 3KOJioriwecKHe npoöjieMw TeppHTOpHH pa3JiHHHoro ypoBira. 
Pa3pa6oT>iHKH TaKHX THC name Bcero Hflyr no ÄByM HanpaBjiemiHM. B 
nepBOM cjiynae aKOJioraqecKHM BonpocaM OTBOAHTCA cneHHajibHbie pecypcw 
B 6ojiee o6imipHOH THC c pa3jiEraHbiMH TeMaTKraecKHMH HanpaBJieHHHMH. 
Bo BTopoM co3flaK>TCH cneHHajiH3HpoBaHHbie THC, npeflHa3Ha*ieHHbie 
Henocpe^cTBeHHO zpia peineHHü aKojioriwecKHX 3a,n;a*i. 

B HayqHO-HccjieflOBaTejibCKofi jia6opaTopHH "MOCKOBCKHH peraoH" 
H Ha Ka4>e^pe KapTorpacf)HH H reoHH<popMaTHKH TeorpacpHraecKoro 
cpaKyjibxeTa Mry HM. M.B.JIoMOHOcoBa Hanaro co3^aHHe SKojioraqecKOH 
JTMC HorHHCKoro paiioHa MOCKOBCKOH oÖJiacra. 

OcHOBy KOHuenuHH o6pa3yeT npHHUHii mejieHanpaBJieHHocTH, 
KOTopbiH npe^nojiaraeT HecKOjibKO MOMCHTOB. Bo-nepBbix, TMC flojutCHa 
SbiTb opneHTHpoBaHa Ha paHOHHbifi ypoBeHb, npe/niojiaraioniHH 
onpeaejieHHWH    MacnnaÖHMH    psm    HHcppoBbix    KapT    H Ha6op 
CTaTHcraraecKOH,       aapoKocMHHecKOH,       onncaTejibHOH       H       npoHefi 
HHlpOpMaHHH,  HeoÖXOflHMOH  H flOCTaTOHHMH ÄJIH  penieHHH  nOCTaBJieHHblX 
3a^aq. Bo-BTopwx, Heo6xo#HMo yqHTbiBarb pernoHajibHoe cBoeo6pa3He 
npapo^Hbix ycjioBHH H oco6eHHOCTefi aHTponoreHHbix B03,n;eHCTBHH Ha 
npHpoay. HMeHHo OTO B3aHMOfleHCTBHe B cjioiKHbix CHCTeMax "npHpoaa- 
o6mecTBo" orpaiKaeTca B oco6eHHocTax aKOJiornqecKoro COCTOäHH» 

pa3JiH4Hbix   yqacTKOB   HccjieflyeMOH   TeppHTOpHH.    npH   3TOM    cjieayeT 
nOMHHTb, *ITO B03aefiCTBIM     MOiyT     HMeTb    MeCTHblH,  TpaHCrpaHHTOblH H 
rao6ajibHbiH xapatcrep, MTO o6*i3biBaeT Hcnojib30BaTb onpe^ejieHHWH Ha6op 
napaMexpoB oneHKH H apceHaji MeTQnpB Hccjie^oBaHH^. 

B coBpeMeHHbix ycjioBHHX B CHjiy pa^a o&beKTHBHbix H 

cy6beKTHBHbix npHHHH HepeajibHo cTaBHTb 3aaany He TojibKO pemeHira, HO 

H oTpaxeHHa Bcero cneicrpa aKOjiorirqecKHx npoojieM MecTHoro 3HaHemi». 
ABTOpw       craTaioT       Heo6xoflHMbiM       Hcnojib30BaTb npHHiian 
npHopHTeTHocTH, npe^nojiaraioiimH nocTeneHHoe HanojmeHHe THC OT 

rjiaBHoro K nacraoMy (ecrecTBeHHo, HMeeTca B BH#y cneKTp SKOjioriPiecKHX 
npo6jieM). 3TO O#HH HS Hanoojiee BaacHbix MOMCHTOB, TpeöytomHH 
coBMecxHoro c aflMHHHCTpaHHen oÖocHOBaHH» Ha ocHOBe 
npeflBapHTejibHoro 3HaKOMCTBa c MarepHajiaMH orqeTHocTH o COCTOHHHH 

npHpoflHOH  cpeßbi H 3flopoBb» HacejieHHH. 
ABTOpbl       CTHTaiOT,       HTO      3KOJIOrHHeCKaa       THC,       HeCMOTpü       Ha 

oTHocHTejibHo crporyio TeMaTEraecKyio HanpaaneHHocTb, flOJDKHa onnpaTbca 

M.BopoHOBa H ap 



Ha     npHHHHn MHoro4>yHKii,HOHajii»HocTH. 3TO o3HanaeT peajiH3aHHio B 

cpe/ie THC cjieayiomHX (pyHKUHii: 
?  cnpaBO*mo-HH(popMaHHOHHbix     -     Bfcinojim[K>Tca pasjinqHbie 

3anpocbi noTpeÖHTejieö oTHOcnrejibHO sKOjionwecKoro COCTOAHHJI B 

To^Ke, JIHHHH H Ha miomanH no cHCTeMe napaMeTpoB, sajioaceHHbix B 

6a3y aaHHbix; 
? sKcnepTHo-oiieHCWHbix - onpeflejiaeTca cTeneHb oTKJioHeHHfl OT 

HopMbi 3HaneHHH 3KOjiornnecKHX napaMeTpoB c nejibio onpeflejieHiw 

npoöjieMHbix cHTyaHHÖ; 
? HccjieflOBaTejibCKHX - BbinojiHifiOTC« pa3JiHqHbie pacnerabie 

nponeflypbi H peanroyioTCJi npneMbi MaTeMaTHico-KapTorpatpHHecKoro 
MOßejiHpoBaHHfl c nocTpoeHHeM HOBbix KapT; 

? MOHHTOpHIirOBblX - Ha OCHOBe nOJieBMX HCCJieflOBaHHH H 
aeiHH4)pHpOBaHH5I MaTepHajIOB flHCTaHHHOHHOrO 30HflHpOBaHHH 
jioKajiH3yK)TCH yqacTiKH, r/je HeoöxoflHMO opraHH30BaTb ceTb fleTajibHbix 

oöcjieflOBaHHH; 
?   npOrH03HpOBaHHÜ      pa3BHTHa      TeppHTOpHH      Ha      ÖJIIOKaHIHyiO      H 

ÄJiHTejibHyio nepcneKTHBbi; 
?  aflMHHHCTpaTHBHo-ynpaBJieHHecKHX - Bbipa6aTbiBaeTCJi 

onTHMajibHMH ajiropHTM paöoTbi c THC c uejibio BbipaöoTKH pemeHHH 
no CHCTeMe MeponpHirraö, HanpaBJieHHbix Ha cHEDKemie B03#eHCTBHH Ha 
npHpoflHyio cpeay H pea6HJiHTaHHio (peKyjibTHBauHio) 3eMejib; 

?    HOpMaTHBHO-MeTOflHHeCKHX; 
?  o6pa30BaTejibHO-npocBeTHTejibHbix. 

OcHOBbi 3KOjiorHraecKoii THC HorHHCKoro pafioHa 
peajiH30BaHbi Ha ÄByx ypoBHüx. fljia panora B HejioM B cpe^HeM 
MacuiTa6e   (rjiaBHWM   o6pa30M   1:200000)   npeflCTaBJieHa   MHorooöpasHa« 
3KOHH4>OpMaHH5I, nOJiyieHHafl HO pa3JIHHHMM HCTOHHHKaM, B TOM HHCJie H 
Ha      aaHHbix nojießbix      KOMnjieKCHbix      aKOJioro-reoxHMtraecKHX 
OÖCJieflOBaHHH,    npOBefleHHWX   aBTOpCKHM    KOJIJieKTHBOM. PeaJTH30BaHa 
oneHKa    sKojiorEraecKOH    oöcTaHOBKH    TeppHTOpHH    paöoHa    c    uejibio 
BbWBJieHHH Mpe3BbMaHHOH SKOJIOriWeCKOH  CHTyanHH,  30H SKOJIOTKraeCKOrO 
öeflCTBHK. HccjieaoBaHbi OCOöCHHOCTH aKOjionraecKoro COCTOHHHH 

noBepxHOCTHbix H noÄ3CMHbix BOä, pacTHTejibHoro noKpoBa, noHBO- 
rpyHTOB. rio 3THM flaHHMM B cpe^e THC npoBeaeHa KOMnjieKCHaa oueHKa 
sKojiornHecKoro COCTOüHHH 3eMejib H BbunuieHbi npoöjieMHbie cmyamm. 
TlapajiJiejibHO 3TOMy B cpeay THC 3aHociuiHCb cßeÄeHHfl o 3,o;opoBbe 
HacejieHiw no pwjy napaMeTpoB B oco6eHHOcTH wia. ynacTKOB, r/ie 
oTMeqaioTca 30HW noBWineHHoro sKonorinecKoro pncKa an» XHTejiefi. 

B pe3yjibTaTe BbWBjieHbi TeppHTOpHH, no KOTopbiM npewio»:eHa 
pa3pa6oTKa Ha jioKaribHOM (MCCTHOM) ypoBHe KpynHOMacniTaÖHbix 
HccjieflOBaHHH (ocHOBHbie MacniTaöbi KapTOipatpHpoBaHH* 1:25 000 H 1:50 
000). AaHHbie Hccjie^oBaHHH K HacTonmeMy MOMemy 3aBepmeHW jiHHib AJIH 

TeppHTOpHH r.9jieKTpoyrjiH. 
IlepBbiH  onwT  paöoT  no  co3,a;aHHK>  OCHOB  sKOJioriraecKOH   THC 

noKa3aj[     peajibHbie  BO3MO>KHOCTH   no   ee   nocjieflyiomeMy  HaKonjieHHio 

M.BopoHOBa H flp 



nocKOjibKy CHCTeMa pa3pa6aTHBaeTca Ha ocHOBe npHHnnna OTKPWTOCTH 

JUW nocjiejjyiomero HapainnBaHira. HaM BHäHTCH ÄanbHeöiuee pa3BHTHe no 
nyra peajiH3anHH cpyHKnnii HHTerpaniiH HMeiomeiic« B HacToamee BpeMH 
HH4)opMan;HH no JIK>6MM HanpaBJiemuiM HHP npeflCTaBHTejiefi pa3Jiiwffl>ix 
3aHHTepecoBaHHMX opraHH3anHH H opraHOB ynpaBJiemra TeppHTOpHflMH. 

M.BopoHOBa H ap 



IIEPCnEKTHBbl CO3.0AHHH ME^YHAPOflHOH CMCTEMbI 
rJIOEAJIbHOrO MOHMTOPMHrA 030HOCCDEPLI 

YTKHH B.O., JlyKbameHKo B.R, PaHKyHOB VS., 
BOJIKOB A.B., ToponHHH B.C. 

L(eHTpajibHMM HayHHo-Hccjie^oBaTejibCKHH HHCTHTYT MauiHHOCTpoeHHH 

Yxe B TeMeHHe /j,Byx flecnrajieTMH B aTMoc(J)epe 3eMJiH 
npoflojixaeTca nponecc raGejiH o30HOBoro CJIOH, samHiuaiomero 
6Hoc(pepy OT ryÖHTejibHoro B03,neHCTBHH ^cecTKoro yjibipacpHOJieTOBoro 
KOJiyqeHHa CojiHHa. B nocne^HHe roflbi eacero^Haa yöwjib 030Ha 
cocTaBjraeT 0.7% OT ero nojiHoro co/iepxaHKH. Flo pa3HbiM jraHHbiM yace 
cymecTByromHH jxedpvmm 030Ha coeraBJineT 8... 10% OT ero nojmoro 
cozi;epacaHH5i B aTMoccpepe. B HacToninee BpeMH cnnraeTCH, HTO flecpHHHT 
o30Ha B pa3Mepe 30% OT nojiHoro coÄepxaHHH npHBejjeT K rnöejiH 
030Hoc(|)epbi. CorjiacHo nporno3y, npe/jnojiaraioiHeMy, ITO exero/n-iafl 
yöbijib coxpaHHTCH Ha coBpeivreHHOM ypoBHe, TO BceMHpHan KaTacTpo(J)a 
)K#eT ÖHoccpepy y:*ce B 2030 ro/xy. 
B TOH cHTyaitHH, B xaKOM oKa3ajiocb qejioBeMecTBo, Heo6xojjHMO 
OÄHOBpeMeHHoe npoBejreuHe B SKCTpeHHOM nopn/jKe H B öojibiiieM, qeM 
3TO HMeeT MecTo ceftnac, oöteMe cjiejjyiomHX HccjieflOBaHHH: 
• MOHHTOpHHr aTMoc(J)epbi, HanpaBJieHHbift «a onpeflejieHHe /iHHaMHKH 
H3MeHeHHa B npocTpaHCTBe H BpeMeHH 030Ha H Majibix KOMnoHenr 
npHpoflHoro H aHTponoreHHoro npoHcxoxaeHHH, OKa3biBaK)iHHX BJiHHHHe 
Ha cocToaHHe 030HOBoro CJIOH; 

• MOHHTOpHHr yjibTpacpnojieTOBoro H3JiyneHMH CojiHHa B aTMoccpepe H 

Ha noBepxHocTH 3eMJiH H ero CBH3M C coeroHHHeM o30HOBoro CJIOH H 

HajraqneM Majibix KOMnoHeHT ecTecTBeHHoro H aHTponoreHHoro 
npoHcxo>K#eHHfl; 
• TeopeTHnecKHe H axcnepHMeHTajibHbie HccjieflOBaHHH AHHaMHqecKHX, 
(poTOXHMHHecKHX H paflHaHHOHHbix nponeccoB, onpeflejiHioiHHX 
o6pa30BaHHe H HCHe3HOBeHHe o30Ha B aTMoccpepe 3eMJin; 
• TeopeTHHecKHe H sKcnepHMeHTajibHbie HccjienoBaHHH npHHHH 
ecTecTBeHHoro H aHTponoreHHoro npoHcxo>Kjj;eHHH, onpe/^ejiHioiHHX 
npouecc pa3pymeHHH 030HOBoro CJIOH 3CMJIH; 

• HCCJie^OBaHHH   KJIHMaTHHeCKHX   nOCJießCTBHH   pa3pyiUeHHH   030HOBOrO 
CJIOH 3eMjiH; 
• HccjiejipBaHHH BJIHHHHH H3MeHeHHH KomjeHTpaHHH 030Ha B aTMoccpepe 
Ha ÖHoccpepy 3eMjra; 
• noHCK H pa3pa6oTKa HayqHo-TexHHqecKHx MeponpHHraii, 
HanpaBJieHHbix Ha coxpaHeHHe H BoccraHOBJieHHe o30HOBoro CJIOH 3eMJiH. 
B HacTOHiueH CTaTbe onHCbraaeTCH cocTOHHHe paöoT no opraHH3auMH 
MOHHTOpHHra 030Hoccpepbi. ^aiOTCH npe^JioKeHHH no opraHH3anHH 
MexÄyHapoÄHOH CHCTeMbi rjioöajibHoro MOHHTOpHHra o30Hoc(pepbi. 
npHBoj(,HTCH npeflJioxeHHH no MOKJjyHapojjHOMy coTpyjjHHTCCTBy B 

o6jiacTH   co3jj;aHHH   oxzjejibHbix   ajieMeHTOB   H   CHCTCMH   rjioöajibHoro 
MOHHTOpHHra 030HOC(pepbI B HeJIOM. 



Enhanced Cloudiness Over Crust Faults as a Precursor 
of Earthquake and as an Object for Monitoring with System 

of Small Space Satellites 
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" Moscow State University, Physics faculty 
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The connection betweem the cloudiness and various tectonical structures in the Earth' 
crust is well-known for geologists [1]. The data aabout the cloudiness state can consist the 
information about the earthquakes precoursers. From the other side, it can be used for 
meteorological disasters predicton. [2]. 
It is very actual our days because of well organized meteoconditions forecast by means of 
great deal of space instruments which were acting yet. 
The base of «tectonical clouds» creation is the injection of submicronic aerosoles during the 
process of degasation in tectonical active zones.[3,4]. The aerozoles are the centres of water 
vapours' condensation. Very often such cloudiness indicates the tectonical faults presence. 
The clouds have specific stretched shapes with sharp boundaries and the other features. Let 
us notice, that for the tectonical cloudiness creation determined thermodynamical conditions 
and increased dumpness are necessary. To receive statistically significant results in process of 
tectonical cloudiness creation investigation it needs long-term explorations. Favourable 
zones for observations are Crimea and North Caucasus, where there are data of aerosoles 
streams. 
The most seismic active region of Crimea seismic zone for which we have large 
meteorological and seismic data bank was choosen. 
Dotted line presents fault zones, which were defined earlier on the chair of the Physics of the 
Earth [5], solid lines - determined by DSS method on the map of Crimea.(fig. 1). 
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Fig. 2 

These zones are potential areas of earthquakes' centers. The stars present the earthquakes' 
epicenters, which were happened in several years. It is evident that main number of 
earthquakes is concentrated in shelf zone near Yalta, and it coincides with faults' zones 
structures, especially in the area of their crosses. 



The choosen for investigation region is limited by coordinates A,=33,5°-34,5ÜE, <f>=44° -45°N, 
296 earthquakes from 1936 to 1981 were choosen from the catalogue of Crimea seismicity. 
[7], Meteodata of «Yalta» and «I-Petry» stations were considered for the date of each 
earthquake during this period. Notice, that they were selected in limits of four days before 
earthquakes. 
As it was mentioned above, the extra quantity of aerosoles are injected from the fault zone 
before the earthquake. It increases the number of condencation kernel in athmosphere. It was 
evidence to start from analysis of relations between earthquakes and cloudiness in 
troposphere. 

We made efforts to find relation of earthquakes and cloudiness range. It is known, that the 
cloudiness is measured in units from 1 to 10, 10 - all sky in covered by clouds, 5 - half, 0 - 
there are no clouds in the sky. The cloudiness range temporal variations were considered, 
from 4 days before earthquake with 6-hour step. 
At first, we defined that the cloudiness with the range from 0 to 6 presents makes up 15% of 
all events. So, the most attention was payed up to the analysis of cloudiness with range from 7 
to 10. 
The frequency of cloudiness distribution with range 9-10 and 7-8, obtained during our 
investigation, is shown in fig.2. 
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Fig. 3 - Fig. 6 
Range distributions are similar, only the range 9-10 appears more often. There are 2 maxima 
in fig.2. The first - 24-30 hours before earthquake, and the second - 42-66, so the daily 
pereodicity of range increasing appears before earthquake. The cloudiness range increasing 
cannot be explained by global cyclonis activity because of 7 days pereoidicity of this cyclones 
and non-stability of southern cyclones. More over, according long-term data the mean year 
range is 5 in choosen region.[8]. So, the determined daily periodicity of increased range (9- 
10) before earthquake coincides with the processes, which increases seismoactivity. 
Analogous  analysis  of cloudiness  distribution by  range  was  carried  out  by  data  of 



meteostation «1-Petry», which is placed in Yalta mountain pasture(l 180 m above sea). The 
temporal range distributions   (range 8-10) for autumn-winter (fig.3) and spring-summer(fig. 
4) are presented. 
It is evident from this figures that the range distributions in cold and warm period are 
analogous. From the comparison of cloudiness range distribution  in Yalta and J-Petry were 
found out some    difference, which can be explained by fact, that for I-Petry was used 
investigation materials only for 20 years. (1938-1959). 
Obviously   interesting to conciderate temporal changing of air streams directions before 
earthquakes, because the Crimea is stretched along the coast from south-west to north-east. 
The wind directions for 4 days before earthquakes with 6-hour step were choosen from 
meteojournals of «I-Petry» station. 
It is important to take into account that the dynamical action   on Crimea   and its' coast is 
greatly different for air streams which are parallel (N-E, E, S-W, W) and perpendecular (N, 
N-W, S, S-E) to mountain ridge. The parallel streams evenly move along the ridge from both 
sides, but the perpendecular ones cross the ridge. It is connected with redistribution of all 
meteorological parameters on lee side, windvard side of the ridge and on the  level of ridge 
itself 
Figs. 5-6 show the frequency distributions of air stream directions for I, 2 and 3 days before 
earthquake (by 1938-1959 data) in autumn-winter (fig. 5) and spring-summer (fig.6).  180° 
denotes South direction , 360° -North direction, 90° - East one and 270° - the West. 
The maxima frequency of North and North-West streams appearing are sharply distinguished 
both for warm and cold seasons. So, the earthquakes are happed while North and North-West 
air streams in the most case. These streams are perpendecular to the main direction of ridge. 
They cause the appearance of orographical cloud systems which consist of the high cumulus 
clouds of Ac lenticularis type. 
The frequency of these clouds   appearance was analysed for 1,2 and more days before the 
earthquake, (fig.7). 
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This figure shows two maxima: the first - 1 day, the 
second - 2-3 days before earthquake. Let us notice, 
that the behavior of Ac lenticularis type clouds 
looks like quasi-stable systems, their life time is 1 ■-- 
7-10 hours. Besides, they are not leave with the 

•■: i I    stream, but they are fixedto the certain orography 
;. | !    places. 

.;  - i __ ]     Fig.2 shows the fault zones in Crimea region. Some 
'i;:'° :s'""*"'-™^^ fault zones are parallel to the mountain ridge. For 

example,the fig. 8 illustrates plane location of 
f-'ig-7 orography  cloudiness for  13  and   16 July and   10 

August 1976. The plane cloudiness location was obtained by stereophotogrammetrical 
shooting (with 2% precision) during field works (Bibikova T.N., Zhyrba E.V., the chair of 
physics of athmosphere, MSU). 

It is evident, that cloud lines situate along the fault lines. We denote that the effect of the 
number of condensation kernels increasing caused by radiation from fault zones adds to 
orographical nature of wave-clouds. Thus the orographical effect is increasing and wave- 
clouds system is increasing too. 

So, we denote, that the cloudiness and wind direction should be included in data base 
for earthquakes prognoses with the other known data. 



The specifical orography cloudiness Ac Lenticular is type appears under definite 

meteorological conditions in all mountain regions of the world. A great deal of theoretical and 

experimental works have found out that if air stream flows to mountain ridge with angle close 

to 90° it ought to cross the mountains. The quasi-stationary wave system with wave length 

k 

appears at windy side, feis wave parameter, defined by real meteorological parameters 

k Ar a -r) |6__ 

u V       7 

where u - is the average stream's velocity, g -acceleration of gravity force, 7' - average 

stream's temperature, ya and y -dry-adiabatic and real gradients of temperature in the crest of 

wave. The wave clouds appear under corresponding humidity. 

The additional centers of condensation appear because of a great deal of earth cryst's 

faults in mountain regions, connected with degasation and injection of aerozoles in 

atmosphere. This leads to the appearance of additional ascending streams in atmosphere 

above fault. These streams begin to interact with appeared wave system. Such way it forms 

the difficult specific orography cloudiness, which can considerably differs from the classical 
one. 

For example we consider the earthquakes in Crimea, which appears under perpendicular 

to the ridge North and 'North-West streams. The fault zones* in Crimea coincide with the 

orientation of cloud orography slrapes. Fig. 8 shows such correspondense for definite dates 

13th and 16th July and 10th August, 1976. 

Fig. 8. AcLenlicularis cioudiness in Yalta region, (Crimea). The cloudes arrage in stripes, 

which are parallel to mountain ridge along the fault's line. The distance between the stripes of 

clouds is 6 — 8km. 



Fig.9. The film, made from satellite, is presented. In the left corner of the film the group of 
cell convection cloudiness of closed type which consists of .large cumulus clouds (Cucong) is 
observed above Tiwan stream between the coasts of China (in Fuchzhou district) and TiwaJi. 



The convective cloudiness appears in ascending streams in the center of the cell. Its size about 

3 — 6km. There are descending streams out of the cell. They stipulate the intervals (1.5- 3km 

sized) of the cloudes absence. The chain of arch type ( 30 - 35km length) can be noticed in the 

area of cell cloudiness ( marked by a square). Two arches more (the smaller radius and about 

10 km length) present at distance of 6 — 8km from, the main arch. Probably, these arches are 

oriented along of curcular fault structures. 

There is a mountine range ( about 3km high) at the Eastern coast of Ti-wan Island. There 

are Cumulus-pluvial clouds (Cb) along the whole mountine range at Barsten slope. The 

gorizontal size of some clouds is from 5 to 10 km. The largest Cumulus clouds are above the 

highest peak. 

There is non-organised Stratus -Cumulus cloudiness at the West part of the Island ( it is 

more low-lying). To the right from the island, parallel to it, above the Pacific Ocean we can 

observe the group of cell cloudiness, which overflow to solid chain of large cumulus clouds at 

4.Qkm distance from the coast. 

At low right corner of the film we can see 4 chains of arch type, which consist of cumulus 

clouds 20 — 3Qkm length. The distance between the arches is about 10 km. Probably, these 

organized structures of cloudiness are related to deep faults or oceanic troughs. 
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HOBAfl METOßHKA CHCTEMHOrO AHAJIH3A A3POKOCMHHECKHX 
H30EPA3KEHHH B IJEJIJIX 3KOJIOn«ECKHX OIJEHOK H nPOrH03A 

nOJIE3HBIX HCKOnAEMBIX 

YTKBH B., J[yKi,5imeHKO B., PaihcynoB T., BOJIKOB A. 

LleHTpanbHWH Haymo-HccjieaoBaTejibciaiH HHCTmyr MammiocTpoeiiHH 

CaaoBHH-niH B., AjieKcaHApoB B., 3KyKOB B., JIa3apeB I\, MaKCHiwoB B., «PHBCHCKHH K). 

MOCKOBCKHH rOCyflapCTBeHHbffl yHHBepCHTCT HM. M.B.JIOMOH0C0Ba 

Ha Teorpa(|)HHecKOM (paKyabTeTe Mry paspaGoTaHa opnraHaabHaa MeTo^HKa 
aBTOMaTH3HpoBaHHoro wum$pupoBmnn aapoKocMnrccKHX CHHMKOB, ocHOBaHHaa Ha 
npHHUHrraajtbHo HOBOM MexaHH3iwe BbiHBJieHHa coBOKyriHocTH pa3jtHHHbix TeppHTopwajibHo 
pacnpeAejieHHbix (cTpyicrypnpoBaHHbix) xapaierepHcraK oGteKTOB reorpacpnqecKOH OOOJIO^KH 3eMJiH 
npw orpaHHHeHHOM 06-beMe win nojiHOM oTcyTCTBHH ÄaHHbix pa3BeAOHHoro 6ypeHH3 a apyrax 
noaeBbix noHCKOBbix paöoT. 

PaccMaTpHBaeMaa MeTo^Hica Hcnojib3yeT paajwrnwe npHHUHnw cnnTHBaHHa HtHpopManHH, 
coaepxameöca Ha aapoKocMHHecKHx H3o6pa>KeHH3x B CKPMTOM BHae, c paanHHHbix (no cnocoöaM 
nojiyieHna,     aHana30HaM     Hwyiemm     H     npocTpaHCTBeHHoiuy     pa3peiueHHio)     MaTepwaaoB 
AHCTaHUHOHHOrO 30H^HpOBaHH«. 

B ÄaHHOM cHHepreTHHecKOM noaxoae, B KanecTBe OäHOH H3 cymecxBeHHbix cocTaBJiaiomHX 
BbicTynaer cxpyKTypoMexpHHecKHH CHCTCMHWH aHajiHs KcuibueBbix npnpoaHbix o6pa30BaHHH usuioro 
pa3Mepa (Ha 1-3 nopsmica MeHbiue H3BecTHbix m reojiorwiecKHX KJiaccncpHKanHH). Hcnoab30BaHHe 
3TOK   HH(pOpMaUHH,   B   HaCTHOCXH,    n03BOJIHeT   C   BblCOKOH,    no   COBpeMeHHbIM   MepKaM,   XOqHOCTbfO 
onpe^ejiHTb rjiyÖHHy aareramiH KopeHHHx nopoa, IIpn HcnoabsoBaHHH paspexeHHoö ceTH 

reojioraqecKHx cKBaxnH B KaiecxBe onopw c noMombio 3Toro xe Mexoaa MOXHO onpeaejiarb 
floiopcKHH pejibecp (200-300 MJTH.Jiex) npaKTHHecKH c aeTaabHocTbio coBpeiweHHOH TonorpacpHiecKon 
KapTbi, Äoeraraa XOHHOCTH 3-5% OT MOIUHOCTH pböoibix OTJIOXCHHW. 

Hapaay co CTpyKTypoMexpHTOCKHM noAXOÄOM B MCTOAHKC KOMnbioxepHoro 
aeuiHcppHpoBaHHH Hcnojib3yeTc« npweivr BbiaBJieHHH pe30HaHCHwx qacTOT aaeKTpoMaranTHoro 
M3JiyHeHra reorpa<pH<iecKHX o&beKTOB, (pHKCHpyeivtoro aapoKocMH'iecKHMH CHHMfcaMH. 

06a noaxoaa no3BOJiaiox no-HOBOivty oö^acHHTb 3HaHHTejibHyio ancptpepeHUKamiio 
HHxeHepHO-reojioraiecKHX H HHWX CBOHCTB cTpoeHHH 3eMHoß Kopw: nojioxeHHe 3OH ynaoraeHHa H 
pasyn^oTHeHHM ocaaoHHbix reoaoirraecKHx nopoa, saaexetf He<p™, rasa H apyrax nojiesHbix 
HCKonaeiwbix, npoKBjreHHa TaKHx onacHwx HBJieHHH OK KapcT w pp. 3TO nosBoaaeT yxe Ha STane 
npoeKTHbix paöoT O6OCHOB8HHO Bw6npaTb MecTa sajioxeHHH KOHTpoabHo-pasBeaoHHbix H 
npoMHimieHHMX 6ypoBbix cKBaxHH Ha ycjioBHax npH^HHeHwa MHHHManbHoro ymep6a npnpoflHOH 
cpe/ie. CymecTBeHHO BaxHO, HTO npHMeHeHHe npe^araeMOH MCTOHHKH npe/ionpeAe^aeT 
coKpameHHe cpoKOB H CTOHMOCTM floöbiHH noJie3Hbix HCKonaeMbix H 3KOJiorn^ecKHx oaeHOK 3a cqex 
ae HcnojibsyeMOH w CHX nop HH^opiwauHH, 3aKJiiOHeHHoÄ B MaTepnajiax CMMOK 3eMJiH npouiJiwx 
JieT. 

3(p(peKTHBHocTb npefljiaraeMoß MCTOAHKH HJunocTpHpyeTCH MHoroHHCxteHHbiMH npHMepaMH ee 
npHMeHeHHH: öasoßbie HCCTeaoBaHHa Ha TeppnTopHW CaTHHCKoro no^nroHa TeorpacpHHecKoro 
(t>aKyjibTeTa MIT (KajiyxcKaa o&i.), aKojiora^ecKHe HccjiefloBaHHa MOCKOBCKOFO pernoHa 
cocTaBJieHHe npomosa sartexcew yraeBo^opo^Horo cwpM B BOCTOHHOM KasaxcraHe n 
KajiHHHHipaÄCKott o&i. no npocböe KOMnaHUH "JIyKora" pw. o^Horo MS pa3BeÄaHHbix 
MecTopoxneHHH no MaTepHanaiw aapoc-beMKH öbuio Bbrno^HeHo zteTajibHoe KapTorpacpHpoBaHHe, He 
TojibKo noflTBepÄHBuiee yxe o6HapyaceHHMe sajiexn He^rrn, HO H nosBojiHBUiee BbiaBHTb Ho'ßbie 
yiacTKH H ropH30HTbi ee 3aneraHH«. 

TaKHM o6pa30M, B <öCTHOC™, jyin He(|)Tera30HocHbix TeppHTopHH MOXHO nporH03npoBaTb 
MomHocTb, npoueHTHoe coflepxaHne B HHX HecpTH H rasa, KaMecTBeHHbie H KOJiHHecTBeHHwe 
napaMerpbi yraeBOÄopoflHoro cwpba. 

PesyjibTaTbi TaKoro ana^nsa cTaHOBaTcn He TojibKo nporHosHbiMH aaHHbiMH, HO H 
ropHÄiwecKHM o6ocHOBaHHeM aBTopcKoro npaßa Ha oTRpwrae MecTopox^eHHH. 

Pa3pa6oTaHHaH MeTo^HKa no3BO.FiaeT npoBo^HTb HayHHbie aHajiH3 H nporao3 CBOHCTB 
reorpacpHHecKOH 060/ioqKH, B TOM rac;ie: 3a^exeH nojie3Hbix HCKonaeMbix H ßpyrax oöteKTOB 
reo^oraqecKOH cpe^br; onpe^ejiHTb BejiiraHHy H cocTaB reoxHMHqecKoro 3arp?i3HeHHH KOMnoHeHTOB 
^aHflina(pTa; KOMnaeKCHo oneHHBaTb HanpaxeHHocTb aKOJiornnecKOH oöciaHOBKH H pp. 
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1. Abstract 

The paper is devoted to a complex methodology for natural deposits 
detection and estimations of natural resources on the basis of space data, 
received from the earth remote sensing satellites. A technique of structural 
analysis is the principle tool of the submitted methodology. The steps, 
providing detection and estimation of sizes of an oil-and-gas field or 
some other deposit have been described. Examples and results of tests of 
the methodology are also represented. 

2. Introduction 

Proper algorithms and programs for satellite data thematic processing is 
essential for a correct solution of the earth remote sensing tasks. The 
processing algorithm, submitted in the paper, is an algorithm of structural 
analysis of multispectral satellite data of high spatial and spectral 
resolution. The approach has been designed to use in the exploration of oil 
and gas fields or deposites of various metal ores, etc. 

3. Method of Structural Analysis 

In essence, the technique consists of a specialized processing of the data, 
hidden in satellite imagery. The method is based on the extraction of 
annular structures in a satellite image and a subsequent analysis of the 
density function and sizes of those structures [1-2]. Then, the technique 
associates each annular structure with the depth of a point of a parent rock 
bed or field of oil, gas, etc. 

The synergetic approach is based on a structural analysis of small-sized 
annular formations (in some 1-3 orders of magnitude less than 
conventional ones, used in the geology classification). The accuracy of a 
deposition detection and estimation of the depth profile of minerals is 
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under a strong effect of the quality and number of the extracted annular 
structures. On the basis of the network of wide-spaced bores and wells, 
the method provides determination of the relief of Jurassic period (200-300 
mill, years) in detail practically of a modern topographical map scale, 
achieving the percentage error of 3-5 % of the thicknesss of loose 
deposits. 

Along with a structural analysis, the technique of a computerised decoding 
uses a method of detection of resonant frequencies of a geographical object 
electromagnetic radiation, registered in a space image. Both of the methods 
open a new way to explain a significant differentiation of geological and 
other properties of the Earth crust structure, namely: location of 
condensation and decondensation zones of geological rocks; fields of oil, 
gas and deposits of other minerals; show of such dangerous appearances as 
karst phenomenon, etc. Just at the design stage activities, the fechnique 
provides selection of the sites for exploratory and industrial wells and 
bores under condition of minimum damage to the natural environment. 

Preliminary approbations of the method have shown that the quality and 
number of annular structures depend essentially on both the spatial 
resolution and number of spectral channels and bands, used for the satellite 
data analysis. The higher spatial and spectral resolution provides detection 
of thinner structures, and consequently, increases both the quality and 
reliability of a forecast. 

The technique is a unique one since, on the one hand, there is no any world 
analogue, and on the other hand, its cost efficiency is higher in some 
orders than that of the current methods, using gravitational, seismic and 
magnetic exploration, and also exploration drilling. Thus, just a special 
proccessing of satellite images of potential oil-and-gas field areas (with no 
in-the-field prospecting and related expenses !) provides a customer with 
the data on sizes and depth of a deposition, and even forecast estimations 
of sites of industrial bore-wells. The submitted method of detection of oil- 
and-gas fields and beddings of other minerals is a good cost-efficient 
alternative to the ground methods, based on geological survey. E.g., a 
conventional exploration of the area of 25 sq. km requires up to 30 
exploration drills of a total cost from US$ 50.0 mill, to US$ 60.0 mill, 
while the cost of exploration of the same area with the submitted method is 
lower in one - two orders of magnitude. 
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Along with the revealing of natural deposits, the technique of satellite data 
processing provides: determination of such important parameters as sizes 
of natural reserves; the depth of an oil-and-gas bedding for pays and lean 
stratums, and also for layers with oil-and-gas show. For oil-and-gas- 
bearing strata, estimations of the stratum thickness (depth of stratum), 
concentrations of oil and gas, some other qualitative and quantative 
parameters of a hydrocarbon raw are also available. 

As an end result of the technique application, a customer gets 
recommendations on the sites of laying the oil and gas wells, information 
on the drilling conditions along the vertical profile, depth of oil-and-gas 
bearing beds, mining and geological conditions. 

4. Estimations of Undiscovered Resources of Hydrocarbon Raw 

An estimation of undiscovered resources of hydrocarbon raw is realized in 
three steps. Each of the step differs from others, having a different level of 
both detailedness of the initial space information, and, hence, detailedness 
of the resulting estimations. 

On the preliminary stage of research, the reference space data of 1: 200000 
- 1: 1000000 scale (MSU-SK instrument, "RESURS-O" satellite [3-5]) is 
used. The data prosessing results in: 
• estimation total productivity of oil resources for a specified territory with 
a preliminary estimation of oil reserves (mill, ton), gas (bill.cu.m.), gas 
condensate (mill, ton); 
• pre-forecast (first-step iteration) of the potential area of fields, containing 
hydrocarbon raw, with estimations of: 
- sizes of oil, gas and condensed gas deposits (mill, ton; bill.cu.m.); 
- depths (relative and absolute values) of productive strata (m); 
- thickness of strata(m); 
- concentration of hydrocarbons per stratum (%). 

At licencing activity of plots, the reference space data of 1:50000 - 
1: 1000000 scale (MSU-E instrument, "RESURS-O" [3-5]) is processed. 
As a result, the following information is available: 
• forecast (second iteration) of potential structures, containing 
hydrocarbon raws, with estimated: 
- boundaries of potential pays (commercial deposits); 
- volumes of oil, gas and condensed gas deposits (mill, ton; bill.cu.m.); 
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- depths (relative and absolute values) of productive stratum roofs (m); 
- thickness of strata(m); 
- concentration of hydrocarbons per stratum (%); 
- quality properties of hydrocarbon raws (density, content of sulfur, 
paraffins, etc.). 

To ensure drilling operations, at the preparation activity phase the 
reference data of 1: 5000 - 1: 10000 scale (MK-4, KFA-1000 instruments, 
"RESURS-F" [6, 7]) must be processed. The activities will result in: 
• forecast (third iteration) of potential structures, containing hydrocarbon 
raws, with estimated: 
- precise boundaries of potential pays (for each productive stratum); 
- volumes of oil, gas and condensed gas deposits (mill, ton; bill.cu.m.) - 
total and for each productive stratum; 
- depths (relative and absolute values) of productive stratum roofs (m); 
- thickness of each stratum (m); 
- the concentration of hydrocarbon for each stratum (%); 
- quality properties of hydrocarbon raws (density, content of sulfur, 
paraffins, etc.) for each stratum and a specified unit of explored structures; 
• recommendations on the arrangement of drill holes with taking into 
account the above estimations and a forecast on environment and on-site 
geophysical conditions (including effect of fractures and geo-nosogenic 
structures, occurence of local seismicity regions, geochemical anomalies 
etc.) 

5. Validation of the Technique for Oil, Gas and Minerals Exploration 

The efficiency of the proposed technique was validated with the results of 
a pilot ground survey of a territory within the Satinsk range (Kaluga oblast, 
Russia) of Geographical faculty of Lomonosov MGU Kaluga oblast, 
Russia) (fig. 1). At present, -it should be emphasized as an advantage of 
the technique- it is already essentially developed and has passed a serious 
tests during the imagery analysis executed for a number of regions in 
Russia (Kaliningrad Oblast, fig. 2-3, table 1-2), east Kazakhstan and 
Canada. Such a domestic oil giant as LookOil company has shown her 
interest to the technique. By order ofthat company a detail mapping was 
carried out for the company's territories that confirmed the deposits, found 
out early, and revealed new beddings and flat-lying stratums of oil. 
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©   - wells 
^ - steeps and abruption 

Results of the relief mapping of parent materials, a territory within the Satinsk range (Kaluga oblast, 
Russia) of Geographical faculty of Lomonosov MGU on the basis of a picture of annular structures: 
a - current relief in the topographic map of 1:10 000 scale; 
6 - parrent relief in the topographic map of 1:25 000 scale, resulted from drilling data; 
B - parrent relief, designed by Yu.I. Fivenskiy under the annular structures. 

Fig. 1 
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Fig. 3 
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Table 1. Complexity Level of Drilling (%, site B) 

92 
91 
90 
89 
91 
90 
89 
93 
90 
91 
90 
93 
95 
96 
99 
100 
102 
105 
109 
110 
112 
114 
115 
117 
119 
120 
118 
120 
121 
119 

1 - gas sheet (3 cm) 
2 - gas sheet (5 cm) 
3 - gas sheet (5 cm) 
1H - non-commercial oil(10-12 cm) 
2H - non-commercial oil (10-11 cm) 
3H - non-commercial oil (10-23 cm) 311 - commercial oil (25-45 cm) 
4H - non-commercial oil (4-23 cm ) 411 - commercial oil (25-71 cm ) 
5H - non-commercial oil (5-23 cm ) 511 - commercial oil (25-61 cm ) 
6H - non-commercial oil (20-23 cm) 611 - commercial oil (25-63 cm) 
7H - non-commercial oil (23 cm ) 711 - commercial oil (25-51 cm) 
8H - non-commercial oil (24 cm ) 8F1 - commercial oil (25-55 cm) 
9H - non-commercial oil (23 cm ) 911 - commercial oil (25-44 cm) 
4 - oil sheet (5 cm) 
5 - oil sheet (4 cm) 
10K - non-commercial gas condensate (9 cm) 
1 111- commercial oil (24-55 cm) 
12II- commercial oil (26-60 cm) 
13II- commercial oil (27-49 cm) 
14II - commercial oil (26-50 cm) 
6 - gas sheet (3 cm) 
7 - gas sheet (4 cm) 
15H- non-commercial oil (11 cm) 
16H - non-commercial oil (10-22cm ) 16FI - commercial oil (25-42cm) 
17H - non-commercial oil (12 cm) 
18H- non-commercial oil (13 cm) 
19H - non-commercial oil (12 cm) 
20H - non-commercial oil (11 cm) 
21H- non-commercial oil (19-20 cm) 
22H - non-commercial oil (20-22cm) 22n - commercial oil (25-49 cm) 
23H- non-commercial oil (20-23 cm) 2311 - commercial oil (25- cm) 

100 % loam coating Total deposit - 714 Kton 
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Table 2. 

Sheet 
# 

Abs. mark 
of roof 
(estim.) 

Thickness 
of sheet, 

cm 

Oil, % 
(per sheet) 

Dens, of 
oil 

Sulfur, % Oil viscsity, 
MPa 

Initial 
reservour 
pressure, 

Mpa 

Point B 
3 -48 45 17 0,69 0,009 1.3 1,1 
4 -81 68 30 0,51 0,06 1,3 1,1 
5 -125 51 29 0,61 0,02 1,4 1,3 
6 -50 51 21 0,62 0,006 1,3 1,5 
7 -173 48 27 0,60 0,03 1,1 1,2 
8 -199 51 31 0,59 0,03 1,1 1,3 
9 -338 42 33 0,59 0,01 1,1 1,4 
11 -555 48 29 0,54 0,03 1,1 1,7 
12 -715 56 30 0,57 0,04 1,1 1.8 

13 -807 47 25 0,58 0,05 1,1 1,9 
14 -896 44 29 0,58 0,02 1,1 2,0 
16 -1117 40 27 0,54 0,02 1,0 2,2 
22 -1287 47 27 0,57 0,01 1,1 2,3 
23 -1313 33 24 0,60 0,01 1,1 2,4 

Point B 
3 -37 45 18 0,68 0,007 1,3 1,1 
4 -66 71 32 0,57 0,05 1,3 1,1 
5 -117 54 30 0,63 0,01 1,4 1.3 
6 -136 55 22 0,67 0,004 1,3 1,5 
7 -160 50 28 0,63 0,02 1,1 1,2 
8 -185 53 31 0,57 0,02 1,1 1,3 
9 -258 43 37 0,61 0,009 1,1 1,4 
11 -388 50 30 0,61 0,02 1,1 1,7 
12 -438 58 33 0,58 0,03 1,1 1,8 
13 -600 48 25 0,55 0,04 1,1 1,9 
14 -698 46 30 0,55 0,02 1,1 2,0 
16 -909 42 28 0,55 0,01 1,0 2,2 

22 -1154 48 29 0,55 0,01 1,1 2,3 
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So, there are potential customers for space prospecting information, 
acquired by specialized facilities and properly processed. The submitted 
technique for structural analysis is a validated tool that is available to meet 
the market requirements. 

6. Onboard Spectrometric System for Prospecting 

So far, the said technique was tested mainly on the aero-survey data. 
However, the technique will provide higher cost efficiency if it uses space 
information of earth remote sensing systems. The higher spatial and 
spectral resolution of satellite imagery is, the more sophisticated structure 
analysis of beddings and, hence, the more accurate forecast and 
estimations of natural resources will be available under the technique. 
Being based on the space survey data only, the approach will give an 
opportunity to solve the economic problems mentioned above (in 
particular, exploration and estimation of the sizes of oil-and-gas fields and 
other mineral deposits), with no expensive and inefficient gound-based 
prospecting operations. 

Since 1998, within the framework of the Russia Rederal Space Program, 
activities on development of an onboard spectrometric system for 
prospecting have being carried out. 

Currently, preliminary requirements of the processing algorithm to an 
onboard facility, designed to use for testing of methods of the structural 
analysis, have been specified: 

spectral   range,   urn  0,2-12,0 
spectral   resolution, in the range: 
0,2. ..0,9 (im, nm  1_5 
0,9... 2,5 u,m , nm  6 
2,5... 5,5 um, nm  40 
5,5...12,0 um, nm  60 
- angular resolution: 
multispectral survey, range 0,2-12,0um  < 20" 
panchromatic survey  < 5" 
- field of view width: 
multispectral survey  3° 
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panchromatic survey  1° 
range of observation angles (optical axis from nadir) 
along spacecraft trajectory  ±30° 
across spacecraft trajectory  ±30° 

Development tests of the onboard spectrometric system for prospecting is 
planned to execute on board the international space station (ISS). 

7. Conclusion 

The submitted method of a structural analysis for prosessing satellite data 
provides the detection of natural deposits, and also estimations of sizes of 
natural resources, depth of oil-and-gas bedding for both pays and thin 
seams, quality properties, etc. 

The end result of the technique application is a series of recommendations 
with respect to the sites of laying the oil and gas wells, information on the 
drilling conditions along the vertical profile, depth of oil-and-gas bearing 
beds, mining and geological conditions. The efficiency of the technique is 
validated with the results of a pilot ground survey of a territory within the 
Satinsk range. The technique has been already essentially developed and 
has passed a serious tests during the imagery analysis executed for regions 
in Russia, east Kazakhstan and Canada. 

Being based on the space survey data only, the approach gives an 
opportunity to solve the economic problems (namely, exploration and 
estimation of oil-and-gas fields and other mineral deposits), with no 
expensive and inefficient gound-based prospecting operations. 

Since 1998, within the framework of the Russia Rederal Space Program, 
activities on development of an onboard spectrometric system for 
prospecting have being carried out. Currently, preliminary requirements of 
the processing algorithm to an onboard facility, designed to use for testing 
of methods of the structural analysis, have been specified. 
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KomjenuHH ivieTeopojionnecKOH CHCTOMM Ha 6a3e iwajibix KOCMHHCCKHX annapaTOB 

A.CenHBaHöB, B. PoraJibCKHH 
PHMH Kn 

111250, MocKBa, ABHaMOTOpHaa yji., 53 
(Dane: (095) 273 5943 

A.BOJIKOB 

HHU HUP 
141700, r. fl,onronpyflHbiH, MocKOBCKaa o6jiacTb, yji. nepBOMancKaa, 7 

d>aKc: (095) 483 3374 

Eojibuuaa npoTaaceHHOCTb  POCCHHCKOH 0>e,n;epauHH c BOCTOKa Ha 3anaa H 

HaJIHHHe   npHnOJIHpHblX   TeppHTOpHH   fleJiaiOT   HH3KOOp6HTajIbHbie   KOCMHHeCKHe 
CHCTeMbi      HaHÖojiee     acfxpeKTHBHbiMH      HCTOHHHKaMH      MeTeopojiorHHecKOH 

HH^OpMaUHH. 
B AOKJiaAe oÖcyxflaeTCH B03MO>KHOCTb co3/i;aHH5i Ha 6a3e Majibix 

KOCMHHecKHX annapaTOB ( MKA ) oTeHecraeHHOH MeTeopojiornnecKOH CHCTCMW, 

oöecneHHBaiomeH nocTynjieHHe floeraTOHHoro oöbeMa HHCpopMauHH npH 
Hcnojib30BaHHH MHHHMaiibHO HeoSxoflHMoro Ha6opa AaTHHKOB: CKaHHpyiomero 
paflHOMeTpa BHäHMOTO H HK-flHana30HOB, CBR-paflHOMerpa H HK- 
30HAHpoBinHKa. OrpammeHHe 30HM HaSjiioaeHHfl TeppHTOpnen POCCHH H 

npHJieraromHX rocyaapcTB TaKJKe no3BOJiaeT ynpocTHTb Tpe6oBaHHa K SopTOBOH 
annapaType, yMeHbiiiHTb ee Maccy H cpe^HeBHTKOBoe noTpe6;ieHHe. 

riOKa3aHa    B03MOXCHOCTb"  C03ÄaHHa    npH    HCnOJIb30BaHHH    COBpeMeHHblX 
TexHHnecKHX pemeHHH, MHHHMH3HpyiomHX Maccora6apHTHbie xapaicrepHCTHKH, 
6opTOBoro HH(|)opMauHOHHoro KOMnjieKca MerreopojiorHHecKOH CHCTeMbi (EHK- 
MC), BKJuonaiomero aaTHHicoByio annapaTypy H cHcreMy c6opa H nepeaaHH 
«aHHbix, KOTopbiS MOMceT 6biTb ycTaHOBJieH Ha KOCMHHecKHX annapaTax Majioro 

KJiacca. 
no CBOHM  HH4)OpMaUHOHHbIM XapaKTepHCTHKaM  EHK-MC  COBMeCTHM    c 

HMeioinHMHca B HacToamee Bpeiua Ha3eMHbiMH HH<|)pacTpyKTypaMH 
MeTeopojiorHHecKHX cjiy>K6, a na3eMHbin KOMnnexc ynpaBJieHHa KOCMHHCCKOH 

rpynnnpoBKon, BbinojiHeHHbiH no o#HonyHKTOBOH cxeMe, MO>KCT 6biTb pa3MemeH 
Ha OAHOM H3 npneMHbix nyHKTOB, HTO cymecTBeHHO yMeHbiiiHT 3aTpaTbi Ha ero 

3KcnjiyaTauHio. 
OflHHM H3 nyren oöecneneHHa cymecTBOBaHHfl POCCHHCKOH HannoHajibHOH 

KOCMHHCCKOH    CHCTeMbi    B    yCJIOBHflX    OrpaHHMeHHOrO    (pHHaHCHpOBaHHM    MO^eT 
«BJiaTbCH nepexoA K npefljiaraeMOH KOHuenHHH ncnojib30BaHHH Majibix 
KOCMHHecKHX annapaTOB. 
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The large extent of Russian Federation from east to west and presence of 
polar territories do loworbital space systems the most effective sources of the 
meteorological information. 

An opportunity of creation of national meteorological system on the small 
space crufts ( SSC ) basis, ensuring receipt of sufficient volume of the information 
by use of a minimum & necessary set of devices such as: visible and IR scanning 
radiometer, microwaveradiometer and IR-sounder, is discussed in the report. 
Restriction of a zone of supervision by territory of Russia and nearest countreis 
also allows to simplify the requirements to the onboard equipment, to reduce its 
weight and average electricpower consumption. 

Opportunity of creation by use of the modern technical decisions of 
meteorological system onboard information complex ( BIC-MS ), including 
sensors and data transmission system, which can be placed on a small class space 
crufts is shown. 

The BIC-MS information characteristics are compatible with available at 
the moment ground infrastructures of meteorological services, and the ground 
space crufts control complex, carried out in the one station variant, can be placed 
on one of reception stations, that will reduce the operation expenses. 

One of ways of maintenance of existence of Russian national space system 
in conditions of limited financing can be transition to the offered concept of use of 
small space crufts. 
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B flOKJiafle paccMorpeHbi ocHOBHbie HanpaBJieHHJi pa3BHTHfl KOCMHMecKoro 
H Ha3eMHoro cerMeHTOB CHCTCMH KOCnAC B cneflyiomeM THCHHejieraH. 

npeÄnojiaraeTca, HTO nocne 2005 r. KOCMHuecKaa cHCTevia KOCnAC He 
6y^eT Hcnonb30BaTb aßapHHHbie paflHOÖyn CTaporo npon3BOflCTBa (APB-121). 
OCHOBHbIM    HCTOqHHKOM    aBapHHHOH    HHtpOpMaUHH   B   CHCTeMe   6yflyT   CJiyXHTb 
aBapHHHbie pa^HoGyH, paöoTaiomne Ha nacTcnre 406 Mru. 

HcKJHoneHHe H3 cocxaBa CHCTCMW APB-121 IKMBOJWCT cymecTBeHHO 
coKpaTHTb Maccy H noxpeÖJieHHe SopTOBOH annapaTypbi H Ha3eMHbix craHUHH 
npHeMa H o6pa6oTKH HH(J)opMauHH. KOCMHMCCKHH ceriweHT npeflnojiaraeTca 
pa3MecTHTb Ha cneuHajiH3HpOBaHHbix Majibix KOCMHMCCKHX annapaTax: 
3anycKaeMbix c noMombio paKeTbi-HOCHTejia "CTapT-1". 3TO no3BOJiHT CHH3HTb 
CTOHMOCTb    KOCMHHeCKOrO    CerMeHTa    CHCTeMbI     H    06ecneHHTb    yCTOHMHBOCTb 
op6HTajibHO0   rpynnnpoBKH   CHCTCMH,   T.K.   3anycK  oqepe^Horo   HC3   SyjieT 
flHKTOBaTbCfl TOJIbKO nOTpeÖHOCTHMH CHCTCMH KOCTIAC. 

TpeTbe HanpaBJieHHe pa3BHTna cHCTeMbi CBsnaHO c 0TKa30M OT 

cneunajibHbix KOMaHflHonporpaMMHbix KOMnjieKCOB RJIH ynpaBJieHna MajibiMH 
KOCMHiiecKHMH annapaTaMH. 

B     flOKJiafle     paCCMaTpHBaeTC«     B03MO>KHOCTb     BbinOJIHeHHfl eflHHHM 
paflHOKOMnneKcoM KaK ^HKUHH 6opTOBoro paflHOKOMoneKca CHCTeMbi 
KOCnAC, TaK H (pyHKHHH SopTOBoro pa^HOKOMnneKca KOManzjHO- 
TeireMeTpHHecKOH CHCTeMbi. Macca nepcneKTHBHoro e^HHoro 6opTOBoro 
KOMnjieKca B ,zry6.JiHpOBaHHOM BapHanre He npeBbiuiaeT 15 Kr. 

nepcneKTHBHafl Ha3eMHaa craHUHa npHeMa H o6pa6oTKH aBapHHHbix 
cooÖmeHHH npeflCTaBJiaeT CO6OH TpaHcnopTa6ejibHHH KOMoneKC, cocTonmHM H3 
HanpaBJieHHOH noBopoTHOH aHTeHHH c MLUY H CMecHTejieM H nepcoHajibHbifi 
3BM c BCTpoeHHHMH B Hee njraTaMH un^poBOH o6pa6oTKH CHrnajiOB. Macca 
Ha3eMHOH CTaHUHH COCTaBJIHeT 10 KF. 

Majibin KOCMH^ecKHH annapaT HMeeT TpexocHyio opHeHTaunio c 
TOMHOCTbio He xy>Ke 1°, ero Macca He npeBbiuiaeT 200 KT, m KOTOpbix 140 Kr 
cocTaBJiaeT KOCMHHecKHH annapaT co cjiyweÖHHMH CHCTeMaMH, a 60 Kr 
npeflHa3HanaeTca m* nonesHon Harpy3KH. 

PaccMaTpHBaeMaa B aoKJiafle cncTeMa MO>KCT CTaTb OCHOBOH RHX CHCTeMbi 
KOCIIAC-CAPCAT BToporo noKoneHH«. 
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Main directions of COSPAS system in the next evolution millenium are 
developed. After 2005 year COSPAS space system will use only ELT-406. 

Exclusion of ELT-121 gives us possibility to reduce the onboard and 
ground radioequipment weight. 

It plans that the perspective space segment will use a special small 
spacecraft with three axis orientation (<1°). New small spacecraft will have a total 
weight not more than 200 kg (the payload weight ~60 kg). On the nearpolar 
sunsynchronise orbite it will be launched by a launcher type "Start-1". 

A cost for a spacecraft is less, than a cost of the launcher "Ciclon", used 
today. 

Common onboard radioequipment is used for COSPAS system and for 
engineering systems (telecommand and telecontrol). A weight of common onboard 
equipment is not more than 15 kg. 

The future local user terminal consists of a small directional antenna and 
PC with two plates for digital signal processing. The weight of new local user 
terminal is about 10 kg. 
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B HacTOflmeft paöoxe onncbraaeTca npoeKT co3#aHHfl Majioro cnyrHHKa fljia 
MOHHTopHHra paaHOMeTOÄaMH aTMoc(pepbi H HOHOc(pepH, HHTerpHpyeMoro B 

nepcneKTHBHyio MexcÄyHapoflHyio KocMHqecKyio CHCTeMy sKojiorHqecKoro 
KOHTpoJia oKpyxaromeft cpeflbi. 

1. 3a^aMH peuiaeMbie B paMKax npoeKTa. 
ITpoeKT HanpaBJieH Ha peuieHwe ÄByx raaBHbix 3an;aH: 

A.OcymecTBJieHHe nio6ajibHoro  KOHTPOJM  COCTOHHHJI  aTM0C(J)epbi E.OcymecTraeHHe 
äJIH Hyxa npaKTHHecKoft MeTeopojroniH H 4>H3HKH aTMOc<j)epbi. mo6ajibHoro KOHTPOJM 

OnpeaejieHHe   BBICOTHHX   npocproieft   aaaneHHJi,   TeMnepaTypu   u       COCTOSIHIM HOHoccpepw AJIH 

BJKUKHOCTH    B    TpOnOC(j)epe    C    TOHHOCTbK)    H    pH3peUieHHeM     no    BbICOTe, Hy)KÄ reO(j)H3HKH H (J)H3HKH 
CpaBHHMMMH        C        TOHHOCTbK)        H        pa3pelUeHHeM        TpaflHUHOHHblX BepxHeft aTMOC(J)epbI: 
MeTeopojiorHHecKHX H3MepeHHM. Ha6jiK>ÄeHHH 

06ecneHeHne   rjio6ajibHoro   KOHTPOJM   H   nojiyneHHe   MaccoBbix       KpynHOMacuiTa6Hbix 
jjaHHbix o MeTeonapaiweTpax Ha« MHpoBbiM oKeaHOM H BbicoKouiHpoTHWMH       BapHauHÜ       ajieKTpoHHoft 
OÖJiaCTaMH       (ApKTHKa       H       ÄHTapKTHKa)       CO       3HaHMTejlbHO       6oJIbUieH KOHUeHTpaUHH B 
npocTpaHCTBeHHoft njioTHocTbK), new 3TO B03M05KHO B HacTOHiuee BpeMa. HOHoc4>epe Ha BblCOTaX OT 
BbicoKaa   iuioTHOCTb   npocpHJieft   MeTeonapaMeTpoB   no   3eMHOMy   mapy 80 JJ.O 300 KM H H3yieHHe 
no3BOJMeT noBbicHTb TOHHocTb nporao3a noroflw npn BKJiKweHHH STHX HX    CBJI3H    C    cojmeHHoft 
flaHHbix B mo6ajibHbie MeTeopojiornnecKHe cncreMbi. aKTHBHOcTbio H  C cocroa- 

H3yneHne npocTpaHCTBeHHO-BpeMeHHoft H3MeHHHBOcra aTMOccpepbi HHeM aTMOccpepbi. 
H ee ce30HHbix BapHauHÖ. FfeyHeHHe     TOHKOH 

BbMBJieHHe      npH3HaKOB     SKOJIOraieCKH      3HaHHMbIX      H3MeHeHHH BepTHKajIbHOH       CTpyKTypbi 
COCTOHHHS aTMOC(pepbI. HHÄHefl        HOHOCCpepbl        B 

TTojiyieHHe  «aHHbix  o  BOJIHOBOH  aKTWBHoc™   (rpaBHTauHOHHbie       pa3Hbix paftoHax H CBJWH ee 
BOJIHH) B aTMOcöpepe. H3MeHeHHH c npHpoflHHMH 

H3yHeHHe BJIHHHHH Ha aTMoedpepy ByjiKaHnnecKHX H3Bep)KeHHH H        npoueccaMH    (3eMJieTpace- 
HHTeHCHBHblX aHTponoreHHMX B03/leHCTBHH. HHJI,     H3Bep>KeHHJi     ByjiKa- 

HOB)   H   aHTponoreHHMMH 
B03ÄeÜCTBH5IMH. 

npoeKT coÄepxHT TaKxe BcnoMoraTejibHbie 3aÄaHn: 
OnpeflejieHHe aTM0C(pepHbix xapaKTepHCTHK no H3MeHeHHHM napaMeTpoB CHmajia, OTpaxeHHoro 

3eMHoft noBepxHocTbio. OnpejjejieHHe jj.Byxno3HUMOHHbix xapaKTepHCTHK paccesiHHH pa/moBOJiH pa3HHMH 
(popMaMH 3eMHon noBepxHocTH. Hccjie^oBaHHe SBOJHOUHH nojiapHOH opÖHTbi Majioro cnyrHHKa. 

OcHOBHaa up&n npoeKTa COCTOHT B Hcnojib30BaHHH 6OPTOBOH 

HaBHrauHOHHoft     panHOTexHHHecKOK     annapaiypbi     Majioro     cnyrHHKa    PM 

flHCTaHHHOHHOrO     30HflHpOBaHHH     aTMOCCpepbl,      HOHOC(pepbI,      nOBepXHOCTH     H 
H3yqeHHH 3BOJIK>HHH ero nonapHoli opÖHTbi. ßjix STOTO Ha MajioM cnyraHKe (MC) 
pacnojiaraeTCH     MHoroKaHajibHHH     npHeMHHK     CHma/ioB     HaBHrannoHHbix 
CnyTHHKOB   pOCCHHCKOH   CHCTeMbI   TJIOHACC   H   aMepHKaHCKOH   CHCTeMbI   GPS. 
3TH HaBHrannoHHbie CHCTeMbI BKnionaroT 43 cnyrHHKa Ha KpyroBbix opÖHTax c 
BbicoTOH ~ 2104 KM, nocTOHHHo H3JiyqaiomHx cHrHajibi Ha AByx ÄJiHHax BOJIH. 

YcTaHOBneHHbiH Ha MC MHoroKaHajibHbiH npneMHHK MoxceT ocymecTBJiHTb 
ToqHbie H3MepeHHH nacTOTbi, (pa:3bi, aMruiHTyabi H BpeMeHH pacnpocTpaHeHHH 
paflHOBOJIH OT KaXÄOrO H3 HaBHraHHOHHblX CnyTHHKOB. MOHHTOpHHr aTMoc4)epbi 
H H0H0C(pepbi ocymecTBnHeTCH paflH03aTMeHHHM MCTOAOM, COCTOHIUHM B TOM, 

C. ABäK)UIHH, A. BOJIKOB, H. HBanou, F. MaKCHMOB, C. MaTioroß, A. naBeiibeB, 
B. PoranscKH», B. CaJiHmeB, A. CejiHBaHOB, KD. TpH^OHOB, O. «KOBjieB 



HTO npH 3axo«e MC B 30Hy renn 3eMjiH no OTHomeHHK) K o^HOMy H3 
HaBHrauHOHHbix cnymnKOB (HC) pa^Hojiyq ocymecTBJiaeT BepraKajibHbiH pa3pe3 
CHaqajia HOHoc<pepbi, a 3aTeM aTMoccpepbi (pHc.l). YcTaHOBJieHHbiH Ha MC 
npneMHHK ocymecTBJifler H3MepeHHH BapnanHH <pa3bi,  qacTOTbi H aMruiHxyaH 
paÄHOBOJIH,   OÖyCJIOBJieHHblX   BJIHJfflHeM   HOHOC(pepM   H   aTMOC^epbl.   H3MeHeHHe 
napaivreTpoB paßHocHraanoB OAHCGHaHHo CB5i3aHbi c H3MeHeHH5iMH Bbicoraoro 
npocpHjra K03(p(pHUHeHTa npejioMJieHHH HOHoccpepbi H aTMOccpepw. no 
H3MeHeHHjiM K03<p4)HHHeHTa npejioMJieHM onpeaejiaroTCH BbicoTHbie npocpHJin 
sjieKTpoHHoft KOHueHTpauHH B HOHOccpepe, TeMnepaTypbi H flaBJiemifl B 

aTM0C(pepe, ÄonojiHHTejibHo no H3MepeHHHM napaMerpoB OTpaaceHHoro cnraana 
onpeAenaeTCH    noraoineHne    paÄHOBOJiH    B    aTMOccpepe    H    xapaKTepncTHKH 
OTpaXeHHH paHHOBOJIH 3CMHOH nOBepXHOCTbK). 

PaAH03aTMeHHbIH MeTOÄ  n03BOJIHeT OCymeCTBJIHTb HenpepblBHblH  KOHTpOJIb 
COCTOHHHH aTMOccpepw H HOHoccpepbi B miaHeTapHOM MacuiTa6e. 

Run paflH03aTMeHHoro MOHHTOpHHra aTMoccpepbi H HOHoccpepbi Majibift 
cnyTHHK AOJDKCH 6biTb BbiBe,neH Ha KpyroByio noimpHyio opönry c BMCOTOH 500- 
700 KM. TaKan op6nra o6ecneHHBaeT /uinrejibHoe, CBbiuie 4 JICT, BpeMJi aKTHBHoro 
cymecTBOBaHPM cnyTHHKa, a HHCJIO panoHOB, oxBaTbmaeMbix H3MepeHHHMH npH 
npneMe cnraajioB HaBHranHOHHbix cnyranKOB TJIOHACC H GPS, npeBbiinaeT 
qncjio     cymecTByioinHx     B     Mnpe     Ha3eMHbix     craHUHH     aapojiornqecKoro 
30HflHpOBaHHH aTMOC(pepH. 

ycTaHOBJieHHbiH Ha MC HaBHranHOHHbiH npneMHHK oöecneqHBaeT 
BbicoKOTOHHoe onpe/iejieHHe napaMeTpoB opönrbi cnyTHHKa, HTO no3BOJiseT 
AonojiHHTejibHo      ocymecTBHTb      H3yqeHHe       SBOJHOHHH       opönr      Majibix 
HCCJieflOBaTejIbCKHX     CnyTHHKOB     H3-3a     COBOKynHOCTH     BCeX     B03fleHCTByK)mHX 
(paKTopoB    n    ncnbiTaHHH    HOBoro    rojiorpacpHqecKoro    MeTOfla    KOHTPOJIH 
nOBepXHOCTH 3eMJIH. 

PaAH03aTMeHHbin MCTOA MOHHTOpHHra aTMoccpepbi H HOHoccpepbi 3eMjin 
pa3pa6oTaH TeopewiecKH [1-5,18] H AeTajibHo npoBepeH SKcnepHMeHTanbHO [6- 
19]. 

B POCCHH B HP3 PAH B 1989-1995 ro^ax ocyuiecTBJieHbi MaccoBbie 
paflH03aTMeHHbie SKcnepHMeHTbi B pa3Hbix panoHax 3eMJiH c Hcnojib30BaHHeM 
CTaHHHH "MHp" H reocTannoHapHoro cnyTHHKa-peTpaHCjnrropa. 3KcnepnMeHTbi 
npoBeaeHbi B /myx ÄHana30Hax: caHTHMeTpoBOM H AeHHMeTpoBOM. B cepHH 
H3MepeHHH 6bui OTpaöoTaH MeTOA paflHonpocBeqHBaHHH amoccpepbi n 
HOHOc4>epbi 3eMjiH H BbwcHenbi pan;HO<pH3HqecKHe 3aKOHOMepHOCTH 
npHHnHnHajibHbie äJM ßaHHoro npoeKTa. MaTepnajibi STHX HccjieflOBaHHH 
onyöjiHKOBaHbi B [6-12, 18, 19]. 

B CIIIA B 1995 r. 6bui 3anymeH ManbiH HccjieÄOBaTejibCKHH cnyrHHK 
"Microlab-1", 3aflaqeH KOToporo HBJiaeTCH OTpa6oTKa paziH03aTMeHHoro Mere^a 
MOHHTOpHHra aTMoctpepbi. H3MepeHH3 ocymecTBJifljiHCb npn npneMe Ha 
HccjieÄOBaTejibCKOM cnyraHKe "Microlab-1" CHraajioB HaBHranHOHHbix cnymHKOB 
GPS. ßjifl npoßefleHHH H3MepeHHH Ha Hccjie^oBaTejibCKOM cnyraHKe ycTaHOBJieH 
CneHHaJIH3HpOBaHHbIH   H3MepHTejIbHbIH   npneMHHK   -    BbMHCJIHTejIb.    IIpHeMHHK 
o6ecneqHBaeT ToqHoe onpe^eneHHe Koop#HHaT cnyTHHKa "Microlab-1" H 

H3MepeHHH   (pa3bi   (flajibHoc-TH)   npn   3axo«e   cnyTHHKa   "Microlab-1"   B   30Hy 
paflHOTeHH    OTHOCHTeJIbHO    HaBHraHHOHHblX    Cn>THHKOB.    CpaBHeHHe    BblCOTHblX 
npocpmien     aneKrpOHHOH     KOHneHipanHH     H     TeMnepaTypbi,     nojiyqeHHbix 
paflH03aTMeHHHM     MeTOflOM     H     HO     pe3yjIbTaTaM     TpaÄHHHOHHblX     H3MepeHHH 
noKa3bmaeT HX xopouiee coBnafleHne (CM. nyöjiHKanHH [13-17]). 
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npoBeAeHHbie   B   POCCHH   H   CI1IA   HccjieÄOBaHHH   flOKa3aJiH   BbicoKyio 
3(J)4)eKTHBHOCTb  paflH03aTMeHHoro   KOHTpojrfl   MeTeonapaMeTpoB   aTMoccpepbi   H 

SJieKTpOHHOH KOHUeHTpaiUHH HOHOC<pepbI. 

MC - Majibifl cnyraHK, 
HC - cnyTHHK HaBHrauHOHHoft CHcreMM 

rJIOHACC/GPS, 
H        h - MHHHMajIbHafl BMCOTa JiyHeBOH J1HHHH, 

£, - yroji pecjjpaKUHH pa^HOBO^H, 
D - paftoH paÄHonpocBeHHBaHHjr, 
0 - ueHTp 3eMJiH. 

PHC. 1. CxeMa pa#HonpocBe<raBaHH5L 

2. PaflH03aTMeHHHH MeTOfl MOHHTOpHHra aTMOC^iepbl H HOHOC(j)epb! 

fljra MOHHTOpHHra aTMoccpepbi H HOHOccpepbi 6ya;eT Hcnojib30BaH 
panH03aTMeHHHH   MeTOÄ   -   MeTOÄ   paaHonpocBeMHBaHHH   cpeflbi   Ha   rpacce 
"cnyTHHK-      CnyTHHK",      OCHOBaHHMH      Ha      CBH3H      H3MeHeHHH      XapaKTepHCTHK 
paÄHOBO^H (<pa3bi, qacTOTH H aMiuiHTyabi) c napaMeTpaMH 30HÄHpyeMOH cpeAbi. 
Eynyr Hcnojib30BaHbi pe3yjibTaTbi H3MepeHHH Ha 6opTy Majioro cnyraHKa (MC) 
napaMeTpoB paaHOCHraajioB, H3jiyqaeMbix ÄByMH CHCTeMaMH HaBHraHHOHHbix 
cnyTHHKOB rJIOHACC (POCCHH) H GPS (CIIIA). ripn 3axo/je MC B 30Hy TeHH 
3eMjiH no OTHomeHHK) K BbicoKoopÖHTajibHOMy HaBHrauHOHHOMy cnyTHHKy (HC) 
paflHOJiyH ocymecTBJiHeT pa3pe3 CHanajia HOHoctpepbi, a 3aTeM aTMOc<pepbi (pHc.l). 
PaAHocHTHajibi, H3JiyHaeMbie I1C, npoxoflUT qepe3 30HflHpyeMyio cpe^y H 

npHHHMaioTCfl Ha MC.  Oaaa,  nacTOTa H aMnjiHTyzja CHrHanoB H3MCHHIOTCH B 

3aBHCHMOCTH   OT   MHHHMaJIbHOTO   paCCTOHHHH   JiyHeBOH   JIHHHH   OT   nOBepXHOCTH 
3eMJiH. 3TH H3MeHeHHH oöycjioBJieHbi BMCOTHMM npocpHJieM K03(p(pHHHeHTa 
npejioMJieHHH cpe^bi B paftoHe paHHonpocBeHHBaHHH. Ko3(p(pHnHeHT 
npejioMJieHHü HOHOC(pepbi nponopuHOHajieH sjieKTpoHHOH KOHHeHTpaHHH, a B 

aTMOC<pepe KoscpcpHimeHT npejioMJieHHH nponopuHOHajieH IUIOTHOCTH B03/xyxa. 
Hcnojib30BaHHe ßonojiHHrejibHo ypaBHeHHH HueanbHoro ra3a H 

THApocTaTHHecKoro paBHOBecH« no3BOJHieT onpeflejiHTb jj,aBJieHHe H TeMnepaTypy B 

panoHe paflHonpocBeHHBaHHH.  Tai< KaK  MHHHMajibHaa  BbicoTa pa/jHOjiyna Han 
3CMHOH    nOBepXHOCTbK)    H3MeHHeTCH,    TO    3TO    n03BOJIfleT    nOJiyqHTb    BblCOTHbie 
npotpHjiH sjieKTpoHHOH KOHueHTpanHH B HOHoccpepe, a TaiQKe flaBJieHH» H 

TeMnepaTypbi B aTMOctpepe. IlpH Hcnojib30BaHHH ÄonojiHHTejibHOH HHcpopMaHHH 
onpeAenaeTCH npocpHJib BJiaxHOCTH. 

TaKHM o6pa30M, pa3MemeHHe na MC aHTeHHbi H MHoroKaHanbHoro 
npneMHHKa   cnrHanoB   HaBHraHHOHHbix   cnyTHHKOB   no3BOjmeT   ocymecTBJiflTb 
rjI06ajIbHbIH      KOHTpOJIb      COCTOKHHH      aTMOCCpepbl      H      HOHOC(pepbI      MeTOflOM 
paa,HonpocBeMHBaHHH. 

PaaH03aTMeHHbiH MeTOA 6bi.n pa3pa6oTaH wn HCCJieAOBaHHfl aTMOC(pep 
nJiaHeT, a 3aTeM o6ocHOBaH npHMeHHTejibHo K 3eMHOH aTMOccpepe [1-5, 13, 14]. 
Pe3yjibTaTbi 3KcnepHMeHTajibHOH npoBepKH Merofla H3^oaceHbi B pa6oTax [6-12, 
15-17] 

3TOT ace MHoroKaHajibHbiH npneMHHK BbinojmfleT H Äpyryio BaxHyio 
(pyHKHHio: OH no3BonaeT ocymecTBHTb BbicoKOTOHHoe onpefleneHHe TpaeKTOpHbix 
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napaivreTpoB   Majioro   KocMH^ecKoro   annapaTa   no   curaauaM   HaBHrauHOHHHx 
cnyTHHKOB TJIOHACC H GPS. 

YnpomeHHafl cxeMa nojiyqeHHH jiaHHbix H3 H3MepeHHH napaMeTpoB 
npHHHMaeMwx cnraanoB noica3aHa Ha pHc.2. EJIOK 1 BKiHoiaeT nepBHHHbie 
SKcnepHMeHTajibHbie jjaHHbie 06 H3MeHeHHax aMnjiHTyjibi, nacTOTbi H (pa3bi 
paflHOBOJiHbi. Hcno^b30BaHHe 6ajuiHCTHHecKHX jjaHHbix MC H I1C (6JIOK 2) H 

flaHHbix 6jioKa 1 no3BOJiaeT onpe/jejiHTb 3aBHCHMOCTH OT BMCOTH cjiejiyiomHX 
BejiHMHH: yraa pecppaKHHH, npoH3BO/i,HOH yrjia petppaKHHH no BbicoTe, JincnepcHH 
(pJiyicryanHH aMroiHTyjibi H (pa3bi (6JIOK 3). H3 jraHHbix öJiOKa 3 Haxo/wca: 
ajieKTpoHHaa KOHueHTpauHH B HOHoccpepe Ha BbicoTax 80-270 KM, TeMnepaTypa H 

flaBjieHHe B aTMoc(pepe Ha BbicoTax 2-35 KM, cjioncTbie CTpyKTypbi (Tpononay3a, 
HHBepcHH TeMneparypbi, rpannnbi cmiouiHOH ooJia^HocTH) Ha BbicoTax 1-16 KM. 

IlpH HCnOJIb30BaHHH JJ,OHOJIHHTejIbHOH MeTeOHH(pOpMaHHH onpeflejifleTca 
BJiaroco^epxaHHe Tponoccpepbi B oojiacra BHCOT 0,5-6 KM H TeMnepaTypa Ha 
BbicoTax 0-2 KM. 3TH jjraHHbie HaxojjHTca JJ.JIH oojiacra HaHöojibiuero 
npHÖ^HaceHHH jiyqeBOH JIHHHH MC-HC K noBepxHocra 3eMJiH (T.e. B oGjiacra D 
Ha pHC.l). 

Paa;H03aTMeHHbiH MeTOfl HMeeT cjie/iyiomyio npocTpaHCTBeHHyio 
pa3peuiaioiij;yK) cnocoÖHocTb: paapemeHHe no BbicoTe H B HanpaBjieHHHX 
nepneHWHKyrapHbix njiocKocra pHC.l OKOJIO 300 M. Pa3peuieHHe no 
HanpaBjieHHio Tpaccbi "MC-HC" OKOJIO 120 KM. 

A6cojiK>THbie 3HaHeHHH TeMnepaTypbi H ajieicrpoHHOH KOHneHTpanHH 6y«yT 
onpeflejiflTbCH c ouraÖKaMH He 6ojiee ±1.6 K (TeMnepaTypa) H 20% (ajieKTpoHHaa 
KOHHeHTpaHHH). 

Pa#H03aTMeHHbIH       MeTO^       n03BOJIHeT      HaXOJIHTb      BblCOTHbie       npOCpHJIH 
onpeflejiaeMbix napaMeTpoB c BHCOKOH JieTajibHocTbio, STOT MeTojj, HyBCTBHTeJieH 
K TOHKHM cjioHCTHM CTpyKTypaM B aTMOC(pepe H HOHoccpepe. 

#JIfl       KOHTpOJIH       MaJIMX       ÄOJirOBpeMCHHHX       H3MeHeHHH       aTMoccpepbi 
pa5H03aTMeHHbiH MeTOÄ ^aeT TOMHyro H oneHb HyBCTBHTejibHyio xapaKTepHCTHKy - 
3aBHCHMOCTb yrjia pecppaKHHH OT BMCOTH £,(h). 3KcnepHMeHTaiibHbie jiaHHbie o 
3aBHCHMocTHX £(h) B pa3Hbix paftoHax 3eMJiH JJJIH pa3Hbix ce30HOB 6yjxyr no- 
jiyqeHbi c yHHKajibHOH TOHHOCTMO. Oum6Ka H3MepeHHH 8Z/Z, 6yfleT OKOJIO 10'2 

fljia BHCOT 35- 20 KM, nopjiflKa 10"3 jym h=15-6 KM H OKOJIO 10"4 JIJIH h=5-0,5 KM. 

CymecTBeHHo, MTO nojiyqeHHMH 6aHK jiaHHbix o 3aBHCHMocrax ^(h) CBo6o#eH OT 

BJIHHHHH annapaTypHbix (paKTOpoB. SKcnepHMeHTajibHbie 3aBHCHMOCTH £(h) 
nojiy^aiOTCH no H3MepeHHHM qacTOTbi H He 3aBHCHT OT napaMeTpoB opöm 
cnyTHHKOB, xapaKTepHCTHK annapaTypbi, OT anropHTMOB HHTepnpeTanHH 
nepBHiHbix flaHHbix.  BaHK mmiux *(h)  BaaceH jym cpaBHeHHH c  6yjiymHMH 
H3MepeHHflMH, flJIfl BbIHBJieHH3 SKOJIOrHHeCKH 3HaHHMbIX MaJIMX flOJirOBpeMeHHblX 
H3MeHeHHH aTMoc(pepbi 3eMJiH. 

PeajiH3anHfl paÄH03aTMeHHoro MeTOfla Ha OäHOM MajioM cnyrHHKe BHeceT 
öojibiuoH BKJiafl B npaKTHHecKyio MeTeocjiyxSy POCCHH, TaK KaK peryjuipHo öy^yr 
onpe/iejiHTbCH BbicoTHbie npocpwiH MeieonapaMeTpoB Hajj; TpyjiHOÄOCTynHbiMH äJIH 

eJKeÄHeBHbix aapojiorHnecKHx Ha6.moÄeHHH OGUIHPHHMH ceBepHbiMH H 

nojiiipHbiMH paftoHaMH POCCHH, BJiHHiomHMH Ha rjioöaribHbie nponeccw B 
aTMocipepe. 

Pa3pa6oTKa, 3anycK H (pyHKHHOHHpoBaHHe 6a30Boro pajiH03aTMeHHoro 
cnyTHHKa oöocHyeT Heo6xojj;HMocTb Kacceraoro 3anycKa 4-6 Majibix cnyTHHKOB 
ÄJIH   pan;H03aTMeHHoro   MOHHTOpHura   aTMOc4>epbi,   HTO   no3BOJiHT   POCCHH   B 

C. ABÄfoiiJHH, A. BOJTKOB, H. HBaHOB, r. MaKCHMOB, C. MaTioroB, A. riaBejtbeB, 
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KpaTqaftuiHe cpoKH BMHTH B JiHÄepbi co3ÄaHHH MOKflyHapo/moH pa#H03aTMeHHOH 
CHCTeMbi MeTeopojiorHHecKoro MOHHTopHHra. Co3,n;aHHe xe MeiK^yHapoflHOH 
cHCTeMbi H3 20 pao;H03aTMeHHbix cnyTHHKOB oöecneHHT nojiyqemie 3a O^HH cyTKH 
OKOJIO 10000 BbicoTHbix npcxpHjien TeMnepaTypbi, «aB^eHMH H BJiaxHocTH 
npaKTHMecKH Ha^ BceMH paHOHaMH 3eMJiH. 

1. HaMepcHHs aMiunnyfli.1, Macron»! H <|>a3bi 

2. BajiHHCTH lecKHe 
AaHHbie MC H HC 

3. yron pe^pfiKi^HH, npoH3BOflHasi yrjta pecfrpaKUHH 
no BticoTe, jjHcnepcHfl tfcJiyKTyamni aMrunny^ti a (JiasM 

4.3;ieKTpOHHafl 
KOHUteHTpa- 

HKSt 

5.TeMnepa- 
Typa 

6.^aBneHHe 7-CJIOH, 
HHBepCHH 

TeMnepaTypbi, 
Tpononay3a 

S.Typöy- 
neHTHOCTb 

H BJiaac- 
HOCTb 

9 ./(ono^HHTejibHafl 
MCTeO HH$OpMaUH# 

PHC. 2. CxeMa nonyMeHHH HHCpopMauHH H3 pazmo3aTMeHHbix flaHHbix 

3. PaflHOKOMiuieKC iwajioro cnyraHKa 
Pa^HOKOMn^eKC Majioro cnyrHHKa (MC) npeÄHa3HaneH pjm: 

- H3MepeHH5i (pa3bi H aMmiHTynbi CHraaJioB HaBHraHHOHHbix cnyTHHKOB 
TJIOHACC/GPS npH pamicmTMeHHflx; 
- onpeflejieHHH Ha MC napaMexpos ero opÖHTbi (3(peMepH,n;) nyTeM H3MepeHHfl 
6e33anpOCHbIM   MeTOflOM   flajlbHOCTH   H   CKOpOCTH   OTHOCHTCJIbHO   HeCKOJlbKHX 
HaBHraiXHOHHbix cnyraHKOB; 
- nepe^aqH Ha Ha3eMHbiH nyHKT (Hü) HHtppoBoro noTOKa flaHHbix, 
coAepxaiHHx TejieMe/rpHHecKyio, 3(peMepHflHyio H pa#H03aTMeHHyio 
HH(popMaij,Hio; 
- no/wepacaHHH uiKajibi TOHHOTO SopTOBoro BpeMeHH Ha MC H Bbipa6oTKH 
nporpaMMHbix ynpaBJiaromnx Ko/joBbix CHrHajioB, oöecneqHBaiomHx pa6oTy 
6opTOBoro paflHOKOMnjieKca 6e3 BMeiiiaTejibCTBa Hü; 
- xpaHeHHH paa;H03aTMeHHOH, TejieMeTpHHecKoft H scpeMepnuHOH HH(popMaHHH 
B nepHoa Mexay ceaHcaMH CBH3H MC c HIT. 

/JJIJI peiueHHH 3THX 3an;a.H Hcnojib3yK>TCfl Äße paÄHOJiHHHH: 
- paflHOjiHHHH "HaBHranHOHHbiH cnyraHK (HC)- MC"; 
- paÄHOjiHHHa "MC - HIT'. 

PaßHOjiHHHJi "HC - MC" pa6oTaeT B BbmejieHHOM "PeraaMeHTOM 
paflHOCBH3H" fljifl rJioöaubHbix HaBHrauHOHHbix CHCTeM B AHana30He 1,6 ITH, a 
paÄHOJiHHJW "MC - Hü" paöoTaeT B ÄHana30He  1,7  ITu,  BbmejieHHOM äJIä 

KOCMHHeCKHX MeTeopOJICTHHeCKHX CHCTeM. 
OyHKHHOHaJibHafl cxeMa 6opTOBoro pa^HOKOMmieKca npHBejieHa Ha pHC. 3. 
BopTOBOH pa^HOKOMnjieKC MC pa6oTaeT B wieAyiomHX pexHMax: PexHM 

"HaBHraHHa". B STOM pexHMe c noMoiubio npHHHMaeMbix nepe3 aHTeHHy A2 OT 

Tpex H 6ojiee HC CHrHaJioB MHoroKaHajibHbiH npHeMHHK-npoueccop aBTOHOMHoft 
CHCTeMbi HaBHrauHH (ACH) onpe^ejiHeT 3<peMepH,zi,bi MC (t, X, Y, Z, X, Y, Z), 
4TO no3BOJiHeT Torao 3HaTb nojioxeHHe MC B npocTpaHCTBe H aBTOMaraqecKH 
onpeAenHTb TOT HC, c KOTopbiM oyayr npoBOflHTbca paÄH03aTMeHHbie H3MepeHHü 
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ÄJra onpeflejieHHfl MeTeonapaMeTpoB aTMoccpepu. 
3HaneHHa t, X, Y, Z, X, Y, Z nepe^aiOTCH Ha Ha3eMHMH nyHKT. 
PexHM "paflH03aTMeHHe". B STOM pe>KHMe ACH ocymecTBjraeT H3MepeHH« 

Ha Hecymeft qacTOTe pa3Hocra (pa3 cHraajia npHHHMaeMoro OT HC H cnrHajia 
CBoero onopHoro reHepaTopa. OnopHbiH reHepaiop ACH HMeeT 
cpeflHeKBaflpaTHHHyio OTHocHTejibHyio eraOHjibHocTb yacTOTbi 3a 10 MHH He xyxe 
5 »10'9, a KpaTKOBpeMeHHyio OTHocHTejibHyio CTaÖHJibHocTb 3a lc He xyace 5*10-u. 
k2   ki 

V 

H npMCMHHK- 

I nun   [ 

Ai - npiieMHaji aHTeHHa ajia pa,nno3aTMeHHbix H3MepeHHH; 
A2- npHeMHaji aHTeHHa HaBHraiwoHHbix H3MepeHnii; 
A3 - nepeaaromafl aHTeHHa CHCTeMbi nepefla™ ÄaHHbix. 
ACH. - aBTOHOMHasi CHCTeiua HaBnraiiHH, MHoroKaHajibHbifi 
npHeMHHK- npoueccop; 
Oll - onopHMH reHepaTop 5 MTu.; 

03Y - onepaTHBHoe 3anoMHHaiomee ycTpoücTBO Ha 30 M6HT; 

BHIl- BTOpHMHblfl HCTOTOHK nHTaHHH. 

PHC. 3. OyHKHHOHajibHaH cxeMa 6opTOBoro pa^HOKOMnjieKca MC 

HaKonjieHHbie 3a O^HH ceaHC paflH03aTMeHHbix H3MepeHHH ÄaHHbie 
3anoMHHaK>TCH B 03Y. 

PexHM "KajiHÖpoBKa". B STOM pexHMe ocymecTBJiaeTCH KoppeKHHH iiiKajibi 
6opTOBoro e^HHoro BpeMeHH (BEB) nyieM npneMa Toraoro CHraajia "ceicyHßa" OT 

IIC. IÜKajia BEB (popMHpyeTCH B npouecce ynpaBJieHHH H3 onopHoft qacTOTbi 
3aflaiomero reHepaTopa ACH. 

nojiyqeHHbie npH pan;H03aTMeHHbix H3MepeHHHX flaHHbie 06 H3MeHeHHHX 
(pa3bi H aMnJiHTyÄbi cHraana, o6beMOM RO 120 K6HT, coBMecrao c 
Te^eMeTpHiecKHMH H acpeMepH^HbiMH #aHHbiMH nocTynaioT B 03Y, TAG xpaHHTca 
Ro ceaHca CBH3H C HT1. npeanojiaraeTC«, HTO npn OäHOM Hn HeoöxoflHMo 
xpaHHTb paaH03aTMeHHbie aaHHbie nojiyqeHHbie 3a 4 BHTKa MC. Hx oöteM 
cocTaBHT flo 4*107 6HT, eaiH paflH03aTMeHHbie H3MepeHHH 6yzjyT ocymecTBJiHTbCfl 
CO BCeMH HMeiOIUHMHCH HC CHCTCM EJIOHACC H GPS. 

B ceaHcax CBH3H C Hn, .zyiHTejibHOCTbio 6ojiee 5 MHH, STOT oöbeM ÄaHHbix, 
3aKoaHpoBaHHbiH CBSPTOHHHM KOäOM (k=7, R=l/2) nepe^aeTCH Ha Hn co 
CKOpocTbK) 100 K6HT/C. 

BopTOBOH paÄHOKOMiuieKC BKnioHeH Bce BpeMH, 03Y 3anojiHHeTCH nocjie 
Kaa^oro pa£H03aTMeHHH HOBHMH aaHHHMH, BbiTecHHH caMbie paHHHe «aHHwe. 
BopTOBOH    paUHOKOMmieKC    BKHIOqeH    nOCTOHHHO,    T.K.    HeT    HeOÖXOÄHMOCTH    B 
KOMaHÄHOH pa^HOJiHHHH. CeaHCbi H3MepeHHH n^aHHpyiOTCii nponeccopoM ACH. 

B cocTaB 6opTOBoro paflHOKOMnjieKca BXOAHT TPH MajioHanpaBJieHHbie 
aHTeHHbi. AHTeHHH Al H A2 oöecneMHBaiOT npneM CHraajioB HaBHraHHOHHbix 
cnyrHHKOB. AHTeHHa Al paöoTaeT B pexHMe "paAH03aTMeHHe" H HMeeT uinpHHy 
ÄHarpaMMbi HanpaBJieHHocTH B BepTHKajibHOH mrocKocra 20° H 360° B 

ropH30HTajibHOH miocKocTH. Ee K03(p(pHHHeHT ycHJieHHH (KY) paßeH 4. AHTeHHa 
A2 Hcnojib3yeTCfl B pexHMe "HaBHrauHa". OHa oßecneHHBaeT npneM CHrHajioB 
oflHOBpeMeHHO OT HecKOJibKHX HC B BepXHeÄ nojiyccpepe H HMeeT KY=0,8. 
nepeflaiomaH aHTeHHa A3 HMeeT iirapHHy anaipaMMbi 145° OTHocHTejibHo Ha#Hpa; 
ee KY=1. 

Macca 6opTOBoro paßHOKOMmieKca npH MOIHHOCTH nepea;aTHHKa 0,5 BT 
cocTaBJiaeT 7icr, B TOM HHCTO ameHHa Aj - 1,0 Kr, ameHHa A2 - 0,5 KT, aHTeHHa 
A3 - 0,5 KT, npHeMHHK-npoueccop ACH - 1,1 Kr, nepe^aTqHK - 1,0 Kr, npoueccop 
ynpaBJieraifl c 03Y - 2,4 Kr, BHn - 0,5 Kr. noTpe6;ifleMaa MomHOCTb 6-7 BT. 

C. ABOTOUIHH, A. BOJIKOB, H. HBBHOB, r. MaKCHMOB, C. MarroroB, A. IlaBejibeB, 
B. PorantcKHü, B. CarmmeB, A. CejiHBaHOB, K). TPH4>OHOB, O. ^JKOBjieB 



JJJIH npneMa ÄaHHbix c MC MoryT Hcnojib30BaTbca cymecTByromHe B 

nenrpax PocrHflpoMeTa (MocKBa, HoBocnÖHpcK, XaöapoBCK) npneMHbie CTaHnnn, 
pa6oTaiomHe B AHana30He 1,7 ITn H yKOMroieKTOBaHHbie ameHHaMH c 
AHaMeTpoM 2,6 M , pa3pa6oTaHHHMH B PHHH KII (PKA). OÖMeH ÄaHHHMH 
MOJKeT OCymeCTB^HTbCH aBTOMaTHMeCKH no TeJieCpOHHHM KaHaJiaM CBH3H. 

OCHOBHbie XapaKTepHCTHKH paÄHOJTHHHH "HC-MC": 
- MoiUHOcTb nepeaaT^HKa HC - 32 BT 

- K03(J)(J>nuHeHT ycwieHHH aHTeHHH HC - 16 
- HHaeKc <j>a30BOH Mosynsimw  ±90° 
- K03(p(pHUHeHT ycwieHHH aHTeHHbl A] - 4 
- nojiflpn3aunoHHbte noxepH - 2 
- nopTOBaa MomHOCTb npHeMHHKa ACH -  -167 äBBT 
- MaKCHMajibHaa flaribHocTb HC-MC - 28260 KM 

IlpH BbiiuenpHBeAeHHbix napaMeTpax paÄHOJiHHHH cwrHaji Ha Bxofle 
npHeMHHKa ACH MOXCT 6biTb paBeH - 156 AEBT. 3anac B paflHojiHHHH 
cocTaBJiaeT 11 äB. 

OcHOBHbie xapaKTepHCTHKH paflHOJiHHHH "MC - Hn": 
- MomHOCTb nepe^aTiHKa MC - 0,5 BT 

- K03(p4>HUHeHT ycHHeHHJI aHTeHHbl A3 - 1 
- KosejxpHUHeHT ycHJieHHH aHTeHHbl HFI - 1000 
- ncMHpH3auHOHHbie norepH - 2 
- myMOBasi TeMnepaTypa npweMHOH cHCTeMW - 180K 
- cKopocTb nepeaaHH aaHHwx - 100 K6HT/C 

- MaKCHiwajibHaH fla^bHOCTb - 2860KM 
- noporoBoe oraouieHHe Ee/Ho npH CBSPTOHHOM KcywpoBaHHH - 3 
- noporoBan MoiunocTb Ha Bxcwe npweMHHKa Hn - 151,3 «BBT 

PacneTbi noKa3biBaiOT, HTO Ha Bxo,a;e npHeMHHKa 11,11 MomHOCTb CHraajia 
6y^eT paBHa - 145,4 AEBT. 3anac B PCWHOJIHHHH cocTaBjiaeT 6 äE. 

4. OcHOBHwe xapaKTepHCTHKH Majioro cnyraHKa 
Bo3MOXHbi ABa BapnaHTa BbiBeÄeHHH MC Ha opönry - COBMCCTHO c KA 

"PecypC-01"    HJIH    "MeTeop-3"    HUH    Ha   KOHBepCHOHHOM   paKeTHO-KOCMHHeCKOM 
KOMnjieKce "CTapT-1". 

IIpenJiaraeTCfl rpaBHTauHOHHaa oßHoocHaH opneHTanHfl MC no MecraoH 
BepTHKajiH c OIHH6KOH He npeBbimaiomeH 4°. TaKaa opneHTanHH nojiHOCTbio 
oöecneHHBaeT pemeHHe ycjioBHH 3an,aH, yMeHbinaeT Maccy aHTeHHo-cpHnepHOH 
cHCTeMbi H yßejiHHHBaeT ee HazteacHOCTb, a Tarace ynpomaeT pa3MemeHHe 
cojiHeHHbix 6aTapeft (BC) H coKpamaeT HX cyMMapHyio Maccy no cpaBHeHHio c 
HeOpHeHTHpOBaHHHM KA. 

^JIH peaJiH3aHHH yKa3aHHOH opneHTauHH annapaT co3flaeTCH B BH^e pßyx 
6JIOKOB - BepxHero H HHxaiero, Koropbie nocjie BMBefleHHH Ha opönry pa3BOflJiTCH 
Ha paccTOHHHe 4...7 M. BJIOKH coeÄHHeHbi apyr c ApyroM c noMomwo «oiaaHbix 
uiTaHr - AepAaTejieH. 

XIJIH ycnoKoeHHH H npeflBapHTejibHOH opneHTanHH KA Hcnojib3yK>TCfl 
c(pepHHecKHH MarHHTHbitt AeMncpep H TaKOBaa KaTyuiKa, B3aHMo#eHCTByK)maa c 
MarHHTHbiM nojieM 3eMJiH. 

ripaBHJibHOCTb opneHTanHH MC oTHocHTeJibHO 3eMJiH onpeflejiaeTCH no 
TOKy cojiHeHHOH 6aTapen H no ypoBHHM paAHOCHraajioB, npHHHMaeMbix OT 

HaBHranHOHHbix cnyTHHKOB. Run H3MeHeHHH opneHTanHH npeflycMaTpHBaeTCfl 
ycTaHOBKa ÄBHraTejieH-MaxoBHKOB. 

KoMnoHOBoqHafl cxeMa MC B paöo'ieM nojiojKeHHH npeflCTaßjieHa Ha 
pHcyHKe 4. 

BepXHHH     H     HHXHHH     ÖJIOKH     KA     COCTOHT     H3     HJIOCKHX     KBaflpaTHblX 
TpexcjioHHbix yrjienjiacTOBbix naHejien, HMeroinnx yaeJibHyio Maccy ~4 KT/M2. 

C. ABäIOIDHH, A. BOJIKOB, H. HßaHOB, T. MaKCHMOB, C. MaTroroB, A. OaBejibeB, 
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Ha naHejiH HrcscHero Gjioxa yeraHOBjieHbi aKKyMyjiHTOpti, coJiHe<mafl 
öarapen H peryjurrop riHTaHHa. KpoMe Toro, Ha BTOH naHejiH pa3MemeHbi y3Jiti 
coeflHHeHHH cioiaÄHBix uiTaur c HHXHHM 6JIOKOM, y3Hbi KpeiuieHHH COJIHCHHOH 

6aTapeH (BC) H onopbi KpenneHHH BepxHero 6jioKa K HHXHeMy Ha ynacTKe 
BbiBefleHH»; Ha STOM «e 6jioKe HMeiOTca y3Jiw KpenjieHHfl Bcero KA K 6a30BOMy 
annapary. 

Ha BepxHeM öjioice pa3MemaeTCfl annapaTypa paflHOKOMroieKca, aHTeHHbi, 
MarHHTHbiH fleMncpep, TOKOBan KaryiiiKa H MHKpoMaxoBHK. TaM xe pa3MemeHbi 
y3Jibi 3a^eKOBKH CTBopoK cojiHeiHOH SaTapew Ha yqacTKe BbmeAeHHH, sjieMembi 
npHcoeflHHeHHH H 3aneKOBKH cKJiaßHbix iirraHr H MexaHH3Mbi KpernieHM H 

3aneKOBKH 6JIOKOB Me^my COöOH. 

naHejiH    BepxHero     H    HHXHero    6JIOKOB    C    onopaivra     KpemieHHfl, 
COeAHHaK»mHMH    3TH    naHejiH,    B    CHJIOBOM    OTHOUieHHH    HBJIHIOTCfl    nJIHTOH    C 
TOJIIUHHOH   OKOJIO   100   MM,   HTO   OÖecneMHBaeT  XeCTKOCTb   KOHCTpyKHHH   KA  Ha 
yqacTKe BbiBeÄeHHH. CioiaflHMe urraHni, coeflHHHiomHe 6JIOKH, BbinojiHeHbi H3 
yrjienjiacTOBbix Tpy6oK HJIH yrojiKOB. 

CojiHeHHaa 6aTapea Hcnojib3yeT KpeMHHeBbie (poTOSJieMeHTbi H COCTOHT H3 
HeTbipex   CTBopoK,   njiocKocTH   KOTopbix   pacnojioxeHbi   noji   yrjioM   20-30°   K 

npOflOJIbHOH OCH MC, OpHeHTHpOBaHHOH no MeCTHOH BepTHKaJIH. 
Kaxflaa H3 CTBOPOK BC HMeer miomaflb -0.25 M2, HTO oöecneHHBaeT 

HeoöxoÄHMyio MomnocTb Bceft BC (He MeHee 10-15 BT). 

CTBOpKH    BC   paCKpblBaiOTCH   H   (pHKCHpyiOTCH   nOCJie   OTßejieHHfl    KA   OT 

6a30Boro annapaTa, HO «O pa3Be,aeHHfl öJIOKOB. 

3aMKH H TojiKaTejiH Bcero MC pa3MemaK>TCfl Ha 6a30BOM annapaTe. 

30Hapa3MCUieHHB 
paflHOKOMimcKca H cpencTB 
OpIICHTai^HH 

h-^ 

CojmeHiiaji 6aTapc« (4 CTBOPKH) 

1.       UlTaKTH 
-i 

.        • 
1 1 1 1 

önoptt KpetuicKim 
BcpxHcroSjroKa 

3OHH paiMcmeHHfl aKKyMyjurropoa H cwiaa- 

Htix uiTaHr Ha yiacTKe BbiBeaciwa 

PHC. 4 
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IIoBepxHocm naHenett BepxHero H HKMCHero öJIOKOB, oopaiueHHbie B cropoHy 3eMn« H Ha 
Koropbix He pa3MemeHa annapaiypa, aBJiHiorca pan^auHOHHbiMH noBepxHociHMH. Jljm aroro Ha 
HHX HaHocaica cneuHajibHbie noKpbrma. Annapaiypa H TenjioBbweiMomne aJieMemw 
yciaHaBJiHBaiarcfl xaKHM o6pa30M, *no6w HMejica xopouiHH TeruioBOH KOHraKT HX C 

noBepxHOCTHMH naHejieft. 
Ilpn BbinojiHeHHH Bcex TpeöoBaHHH TeMnepaTypa Ha nocafloHHbix MecTax 

annapaTypM H TemioBbwejiaiomHX 3jieMeHTOB MOxeT 6biTb B npe^ejiax 
+(15+30)°C. 

B TaSjmue npHBefleHbi cocTaB H MaccoBaa CBOflKa KA. 
CwcTeMW, arperaTbi, KOHCTpyKUH« Macca 

(Kr) 
npHMeMaHHfl 

1. PaflHOKOMIIJleKC C aHTeHHO-(J)HÄepHbIMH 
yCTpoftCTBaMH H aBTOMaTHKOH 

8 nocroaHHoe 3JieKTponoTpe6jieHHe - 7BT 

2. CpeflCTBa opweHTauHH 
2.1. MarHHTHwft fleMn(J)ep 
2.2. ToKOBan jcaTyuiKa 
2.3.flBHraTeÄH-MaxoBHKH 

3,5 
2 
1 

12,0 

B ycTaHOBHBUieMca pexHMe 
sjieKTpoaHeprHH He noTpe6jiaeT 

— 

3. CwcreMa aneicrpocHaSxeHHH 
3.1. AKKyMyjraTopHaa 6aTapea 
3.2. CojiHeHHaa 6aTapea 
3.3. PeryjuiTop nmaHHH 

10,5 
4,5 
3,5 

1 

22HKrK-4c(22x0,14Kr) 
YaenbHaa Macca - 3,5KI-/M

2 

4. TeneMeTpHqecKHe ÄaTHHKH (TewnepaTypbi 
OTaejibHbix aneiweHTOB, <}>HKcam«i oxnejieHHH OT 

6a30Boro KA H pa3BefleHHH 6;IOKOB, TOK BC H np) 

1 TM - HHtpopMauHH nepeaaeTCfl B 

OCHOBHOM HHcJ)OpMaUHOHHOM nOTOKe 

5. KoHCTpyKUHfl H BKC (CHJIOBWC nanejw 
panHaTopbi 6JIOKOB, cioia/iHMe iin-aHra, y3nw 
KperuieHHa H 3aneKOBKH, 3aMKH - TojiKaTe;iH) 

7 

06maa Macca 40,0 

KoHCTpyKTHBHaa cxeMa MC no3BojiaeT npoBOAHXb ajieicrpiMecKHe 
HcnbiTaHHa KajKAoro 6noKa pa3ÄejibHO, napajijiejibHo HJIH nocneaoBaTejibHO. npH 
3TOM BO BpeMH HcnbiTaHHH 6JIOKH MoryT 6biTb coe^HHeHbi flpyr c ApyroM 
iiiTaTHHMH acryTaMH. 

npHHaTaa KOHcrpywuHH oöecneMHBaeT npocToft ßocTyn K KaxcaoMy ÖJioKy 
annapaTypbi, pa3beMy H HX ajieMenraM, a Taiace HX 3aivieHy B cxiyqae 
Heo6xoAHMocTH. B Hacroamee BpeMa B HIHI BHHH3M HMeerca 6ojibinoH 
HayHHO-TexHHHecKHH 3an;eji, o6opyn;oBaHHe H nporpaMMHoe oöecneneHHe, 
HeoöxoÄHMbie ßjia co3flaHHa MC. 

IIpeanojiaraeTca HsroTOBJieHHe MaKeTOB paÖOHero o6pa3ua. ripHMepHbitt 
rpacpHK pa6oT no co3flaHHio MC npeACTaBJieH Ha cxeMe. 

l.npeflBapHTe^bHoe npoeicrapoBaHHe MC. 
2.Pa3pa6oTKa TexHHHecKoft ÄOKyMeHTauHH MC. 
3.H3rOTOB/leHHe KOHCTpyKTHBHMX MaKeTOB flJM 

MeXaHHKecKHX H TenjIOBHX HCIIblTaHHH. 
4.KoHCTpyKTopcKHe HcnbiTaHH« MaKeTOB. 
5.H3roTOBneHHe        TexHOJioraqecKHx        MaxeTOB 

(HHXeHepHblX MOMfiJiefl) 6opTOBbIX CHCTeM. 
Ö.SjieKTpHHeCKHe HCnblTaHHJI 6opTOBMX CHCTeM. 
7.Pa3pa6oTKa, H3roTOBJieHHe, nocTaBKa 

TexHOJiorHHecKoro o6pa3iia (HHxeHepHOH 
MOÄeJiH) nojie3HOÄ Harpy3KH. 

8.C6opKa H HcnwTaHHa TexHojiormecKoro o6pa3iia 
MC B qejioM. 

9.M3roTOBJieHHe,     HcnwTaHHa     KOHCTpyKUHH    H 

6opTOBbIX CHCTeM JleTHOTO KA. 
10.H3roTOBJieHHe, HcnwTaHHfl, nocraBKa jieTHoro 

oöpaaqa nojie3HOH Harpy3KH. 
ll.C6opKa, KOMn^eKCHbie HcnbiTaHHH ^eTHoro MC 

B uenoM. 
12.nycK KA, BbiBOÄ Ha op6HTy. 
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TaKHM   o6pa30M,   co3,n,aHHe   MC   noTpe6yeT   18   MecflueB   nocjie   Haqajia 
(pHHaHCHpOBaHHH. 

Op6HTa, BpeMH cyiu,ecTBOBaHHH, opweHTauHa MC: 
0p6HTa KpyroBaa, HaKJioneHHe opÖHTbi 93°-101°. 
BbicoTa opÖHTH 500-700 KM. 

BpeMH cymecTBOBaHHH cnyTHHKa - 4 ro,aa. 
OpHeHTaimfl TpexocHaa. 
^onycTHMaa norpeiuHocTb opneHTanHH He 6oJiee ±4°. 

3aicjiioqeHHe 
1. MajiHH cnyTHHK pjm MOHHTopHHra aTMoccpepw paflH03aTMeHHHM MCTO/JOM 

no3BOJiaeT peniHTb RBQ 3a,o;aHH: 
OöecneqeHHe rjioöajibHoro KOHTPOJIH aTMoccpepw H nojiyqeHHe MaccoBbix aaHHbix 
o BbicoTHbix npocpHjrax TeMnepaTypbi, flaBjieHHfl H BJiaacHoc™ c TOHHOCTbio H 

pa3peiIieHHeM      no      BbICOTe,      CpaBHHMbIMH      C      TOHHOCTHMH      TpaflHHHOHHblX 
MeTeopojioraqecKHX H3MepeHHH. EyijeT peajiH30BaH KOHTpojib aTMoccpepn H 

nojiy^eHbi aaHHbie o MeTeonapaMeTpax naa oKeaHaMH  H  BbicoKouinpoTHbiMH 
OÖJiaCTHMH ApKTHKH H AHTapKTHKH CO 3Ha*IHTejIbHO 6oJlbUieH npOCTpaHCTBeHHOH 
njioTHOCTbio, HeM 3TO AenaeT coBpeMeHHaa MHpoBaa MeTeopojiorHHecKaa cjiyx6a. 
Eyayr BbMBjieHbi npH3HaKH SKOJiornqecKH 3HaHHMbix H3MeHeHHH COCTOHHHH 

aTMOc4>epbi, o6ycjioBJieHHbie MOIUHMMH aHTponoreHHMMH H npHpoflHHMH 
(paKTopaMH. 

OcymecTBJieHHe raoGaubHoro KOHTpojia COCTOHHHH HOHOccpepbi. EyneT 
peajiH30BaHo Ha6jnofleHHe 3a BapHauHflMH BbicoTHoro npocpHJia ajieKTpoHHOH 
KOHu;eHTpaij;HH c GojibinoH npOCTpaHCTBeHHOH njioTHOCTbio no noBepxHocra 
3eMJiH H c BbicoKHM pa3pemeHHeM no Bbicore. CnyTHHK no3BOjiHT H3yraTb CB«3b 
aTMOc4>epHbix HBJICHHH B CTpaToc(pepe c BapHauHHMH BepTHKajibHOH CTpyKTypbi 
HH^CHeH HOHOC<pepbI. 
2. 3anycK oflHoro Majioro 3aTMeHHoro cnyTHHKa no3Bo;iHT BHCCTH 6ojibinoH BKJiaa 
B npaKTHqecKyio MeTeoouyxöy POCCHH, TaK KaK Ha peryjinpHOH ocHOBe oynyr 
nojiyqeHbi MeTeoaaHHbie äJIH o6uiHpHbix ceßepHbix H apKrawecKHx TeppHTOpHH 
POCCHH, a TaiOKe pjin Tnxoro oKeaHa, npHMbiKaromero K flajibHeBOCTOHHHM 
paHOHaM P3>. 

3. Pa3pa6oTKa H (pyHKHHOHHpoBaHHe ozjHoro 6a30Boro paflH03aTMeHHoro 
cnyTHHKa oÖocHyeT Heo6xo^HMocTb Kacceraoro 3anycKa cepHH Manbix 3aTaeHHbix 
cnyTHHKOB, MTO no3BojiHT POCCHH BbiHTH B jiHflepw co3flaHHH MeaqiyHapoaHOH 
paflH03aTMeHHOH MeTeocjiyxÖbi. 

4. OcHOBHbie xapaicrepHCTHKH Majioro cnyTHHKa cjieAyroinne; 
- Macca cnyTHHKa 40,0 KT; 

- op6HTa KpyroBaa, HaKjiOHeHHe opönrbi 93°-101°; 
- BbicoTa op6HTbi 650 KM; 

- BpeMfl cymecTBOBaHHfl cnyTHHKa 4 ro/ja; 
- opHeHTauHH TpexocHan. YcnoKoeHHe BpaineHHH BOKpyr OCH rpaBHTaHHOHHOH 
opneHTanHH ocymecTBJifleTCfl MarHHTHbiM aeMncpepoM. 
5. CnyTHHK   CKOHCTpyHpOBaH   B   BHfle  flByX   ÖJIOKOB,   COeÄHHeHHblX   pa3flBHXHOH 
uiTaHTOH. "BepxHHH" 6JIOK coflepxHT paÄHOKOMnjieKC, a "HHXHKH" qacTb Bee 
3JieMeHTbi sjieKTponHTaHHH. IlpH BMXoae Ha opöHTy no nporpaMMe npoHcxo/jHT 
pa3flBHaceHHe STHX 6JIOKOB Ha paccTOHHHe 4...7 MeipoB. 
6. Bee   ocHOBHbie   ajieMeHTbi   pa^HOKOMroieKca   H   KOHCTpyKHHH   cnyTHHKa 

C. ABäIOIIIHH, A. BOJIKOB, H. HßaHOB, F. MaKCHMOB, C. ManoroB, A. riaBejibes, 
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OTpa6oTaHH.    BpeMH    HaroTOBJieHHfl    cnyraHKa    18    MecflueB    nocjie    Hanajia 
CpHHaHCHpOBaHM paöoT. 
7.  CnyrHHK MoxeT 6biTb aanymeH  B KaiecTBe ÄonojiHHTejibHOH  Harpy3KH  B 

ruiaHOBOM nycKe c noMombio paKeTbi-HOCHTejia "CrapT- 1 ". 
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Small satellite for monitoring atmosphere and ionosphere 
by radiooccultation method 
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V. Rogalskij, V. Salischev, A. Selivanov, Yu. Trifonov, O. Yakovlev 
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141120 Fryazino, Moscow region, Vvedenskogo sq.,1 
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Radiooccultation method allows revealing altitude profiles of the electron 
density, temperature, pressure and humidity with high resolution in height and 
with accuracy comparable with precision achieved in modern meteorology. High 
accuracy of radioccultation method revealed during experiments which were 
provided in various region of the Earth and accomplished in Russia in 1989-1998 
years using orbital station "MIR" and geostationary satellites, and in USA in 
1995-1998 years by means of small satellite "MICROLAB-1" and navigational 
satellites GPS/GLONASS. The possibility of measurement of electron density 
distribution in ionosphere in the height interval 80-350 km, altitude profiles of 
the temperature, the index of turbulence of atmosphere, discovering of inversion 
layers in the altitude range 1-35 km were established. 

The results of experimental verification of radiooccultation method of 
monitoring of ionosphere and troposphere in decimeter and centimeter 
waverange using orbital station "MIR" and geostationary satellites are 
described. 

Project of the small satellite for monitoring atmosphere and ionosphere by 
radiooccultation method is discussed. Monitoring is provided during 
radioimmersion of the small satellite in the Earth's radioshadow zone relatively 
to navigation satellite. During occultate radiobeam accomplished an altitude 
section of ionosphere and atmosphere. The small satellite allows to carry out the 
control of the environments in interests of meteorology, physics of atmosphere 
and ionosphere by means of analysis of altitude profiles of electronic 
concentration in ionosphere, temperature, pressure and humidity in atmosphere 
in global scale including ocean regions and high latitude arctic and antarctic 
areas with large spatial density. The onboard measuring radiocomplex of the 
small satellite includes the multichannel receiver of signals of the navigating 
satellites GLONASS/GPS, ensuring measurement both phase and amplitude 
variations of signals caused by atmospheric and ionospheric changes and 
determination of a vector of a position of the small satellite. The radiocomplex 
of the small satellite provides transmitting the information on the ground station 
also. The design of the satellite consists of two blocks, which are separated from 
each other using a folding bar on the distance of 6 m after launch on an orbit. 
Weight of the small satellite is 38 kg, orbit is circular with height 650 km, 
inclination of an orbit is 93° -101°, the time of active existence of the satellite is 4 
years, stabilization of the satellite is one-axis gravitational. An opportunity of 
creation of international system of radiooccultation monitoring of atmosphere 
and ionosphere is discussed. 



Pa3BHTHe paAHorojiorpa<j)HHecKHx HccjieAOBaHHft 3eMHOH 
noeepxHOCTH Ha Tpacce cnyTHHK-cnyTHHK 
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riepBbie 3KcnepHMeHTbi flByxno3HHHOHHOH pa^HOJioKaij;HH 3eMJiH2 

npoBOflHJTHCb Ha ocHOBe MeTOÄHKH, pa3pa6oTaHHOM paHee npH 
Hccjie^oBaHMHX JlyHti  H  BeHepw.  J\im  cjiyqaa  HccjieaoBaHHH  3CMHOH 

nOBepXHOCTH   3Ta   MeTOAHKa   flOJDKHa   yTOTOflTbCfl   H   BHaOH3MeHflTbCfl   c 
yneTOM, KaK cymecreeHHo 6ojihiiiero pa3Hoo6pa3HH ecTecraeHHbix 
noKpoBOB 3eMJiH, TaK H ocoöeHHOCTeft pacnpocTpaHeHMa pa^HOBOJiH B 

3eMHOH aTM0C(pepe npn Majibix yraax MecTa. YKa3aHHbie ycjioBH« pe3K0 
OTJiHHaioTCH OT cymecTByromnx B aTMOccpepe BeHepbi, r#e Bcer^a HMeeTCH 
ypOBeHb      KpHTHHeCKOH      peeppaKUHH,       H      pe(ppaKUHOHHbie      3(p(peKTbI 
BbipaxeHbi B MaKCHMaiibHOH CTeneHH. B aTMoccpepe 3eMJiH npn cpeflHHX 
ycjioBHüx ypOBeHb KPHTHTOCKOM pecppaKUHH oTcyrcTByeT, STO no3BOjraeT 
npocjieacHBaTb orpaxeHHWA cnraaji BimoTb JJO 3OHM pa^HOTeHH H 

HaöjiioaaTb ero HHTep<pepeHiuiK> c np^MbiM cnrHajioM. AHajiH3 HBJieHHH 
pacnpocTpaHeHHH oTpa^ceHHoro cHraajia B6JIH3H 3OHW pa^HOTeHH TpeöyeT 
C03flaHHH COOTBCTCTByiOIIjefi pa^HO(pH3HqeCKOH MOfleJIM, 3a^aHeH KOTOpOH 
aBJiHeTCü onucaHHe cBjraeft Mexcfly aMiuiHTyflOH, nacre-Ton, (pa30H H 

cneKTpoM oTpajKeHHoro CHraajia H pa^HO(J)H3HqecKHMH napaMCTpaMH 
3eMHOH noBepxHocTH, a TaioKe BepTKKajibHbiM npocpHJieM noKa3aTejin 
npejioMJieHHH H norjiomeHna. 

ÄHajiH3 BJiHaHHa aTMoctpephi 3eMJiH Ha IHMCDCIIHH nanaMCTpou 
nojcTHjraiomeH noBepxHocTH. 

Ha pHc. 1 npe^cTaBJieHa cxeMa ÖHCTaraqecKOH pa#HOJioKanHM 
3eMJiH. ToqKaMH T H G o6o3HaqeHbi nojioxeHHe HM3Koop6HTajibHoro 
cnymraca H reocramioHapa, TOHKa O cc-Bna^aeT c nenrpoM 3eMJiH, TOHKa 
D aBJiHeTc» TOHKOH 3epKa.FibHoro OTpaxceHHfl OT ctpepmecKoft 
noBepxHocTH nnaHCTH. JlyqeBbie TpaeKTopHH 1 M 2 cooTBeTCTByioT 
TpaccaM pacnpocrpaHeHHH npaMoft H orpaxeHHOü paflHOBOJiH. üpn 
3axoÄe   cnyTHHKa   T B   30Hy   pa^HOTeHH   TpaeKTopHH   1   H   2   MoryT 
HCKpHBJIHTbCH      BCJie^CTBHe      BJIHHHHH     peCppaKLJHH      B      HOHOC(J)epe      H 
Tponoctpepe. H3-3a paajiHHHH ymoB MOKfly KacaTejibHbiMH K JiyqaM 1 H 2 
B   TOHKe    T   H    BeKTOpOM    CKOpoCTH    HH3KOOp6HTaJlbHOro    cnyTHHKa    V 
ÄOiuiepoBCKHe qacTOTbi npaMoft H oTpaxceHHott paflHOBOJiH He coBnaflaiOT. 
Pa3HocTb qacTOT npaMoro H oTpa^eHHoro cnraajia AF(t) cBfoaHa c 
Bejin^HHOH yrjia 2a Mox/xy KacaTejibHbiMH K jiyqeBbiM TpaeKTopHflM 1 H 2 
B TOHKe T(pnc. 1): 
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a = arctg{lAF/ V± +{vl +2AAFV» -Z2(AF)2)m    } (1) 

r^e X - ÄJiHHa paßHOBOJiH, VI , V// - KOMnoHeHTbi cKopocTH cnyTHHKa V, 
napajiJiejibHbie IUIOCKOCTH TGO. KoMnoHeHTa VI nepneHÄHKyjiapHa, a 
KOMnoHema V// napajuiejibHa npaMoii TG. H3 (1) cjie^yeT, HTO no 
3aBHCHMOCTH AF(t) MO^CHO HaHTH 4>yHKHHio cc(t). Ha pMC. 1 noKa3aHbi 
Taicxe yroji cKojibxeHH« pa/nioBOJiH <|> B TOHKC D H yroji pe<|>paKHHH £ B 
cjiyqae c(pepHHecKH CHMMCTPHHHOM aTMoccpepbi BbinoJiHfleTCfl 3aKOH 
CHejiJiHyca: 

p=n(a)acos(j)—Rsin(6r2a) (2) 
TJXQ 0t -yroji c BepuiHHOH B TOHKe T MOKfly KacaTejibHOH K Jiy^eBOH 
TpaeKTopHH I H HanpaBjieHHeM TO, Ä-paccTOflHHe cnyTHHK-nemp 
3eMJiH, p -npHuejibHMH napaMeTp, cooTBeTCTByiomHH uempy 
oTpaacaiomeM o6jiacTH-TO*nce D, n(a) - noKa3aTejib npejioMJieHHH 
aTMoccpepbi, A-paflHyc 3eMura B TO^KC D. 

CymecTByeT ycTaHOBJieHHan B 
3 npHHUHnHajibHaa B03MO)KHocTb 

onpe^ejieHHJi yraa ctcojibxeHMfl <f> H3 (2) npH ycjioBHK, HTO #ocTaTO*iHo 
BblCOKa TOHHOCTb TpaeKTOpHblX ^aHHblX O nOJIO>KeHHH 
HH3Koop6HTajibHoro cnyTHHKa, a Taoce H3BecTHO 3HaneHHe napaMeTpa 
n(a)a. B 3TOM cjiyqae MOXCT 6biTb onpeaejieH yroji pecppaKHHH pannoBOJiH 
B TOHKe D E,. CßH3b MOKny ymoM pe^paKHHH tip), yraoM CKOjibateHH« </> H 

<J)yHKHHeH a(t) HMeeT BHä: 
%=0-a-O,5(arcsin(Rsin&/Rg)-arcsin(p/Rg)) (3) 

ryje Rg - paccTOHHHe reocranHOHap - Hemp 3CMJIH. ITpw Rg-><x> (3) nepe- 
xoflHT B H3BecTHoe cooTHouieHHe, nojiyqeHHoe paHce B 

4: %=</>-a. 
TaKHM o6pa30M, H3MepeHHbiM no pa3HOCTH flonjiepoBCKHX qacTOT 

yroji a no3BOJiHeT onpeflejiHTb yroji <f> H3 (2) H yroji &<ß) H3 (3). ToHHoeTb 
onpeflejieHH5i yrjioB <f> H E, onpeflejiHeTca norpeniHocTHMH B H3MepeHHH 
AF(t) H OUIHÖKaMH B TpaeKTOpHOH HH<pOpMaUHH. 

t 

HMeeTCH      ApyroH      BaxHbiH      pa,nMo<pH3HMecKHH      napaMeTp, 
onncbiBaroinHH   B03flencTBHe   aTMoc<pepbi   Ha   aMiunnyny   oTpaxeHHbix 
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paflHOBOJIH,   KOTOpblH   MOXHO   Onpe^eJIHTb,   3Ha5I   (pyHKUMK)   AF(t).   3TOT 

napaMeTp CBsraaH c K03<p<pHHHeHT0M OTpaaceHH« pajiHOBOJiH OT 

noBepxHocTH 3eMJiH if ((f). YLo onpeflejieHHio, K03cp(pHUHeHT T]2((f) äJIH 

cjiyqa» H30TponHbix #HarpaMM npneMHoft M nepe^aiomeH aHTeHH paBeH: 

rf(cf) = W0/Wp = cjRl IATIR
2
R

2
2 (4) 

r«e Wo, Wp -cooTBeTCTBeHHo njioraocTb noTOKa MODTJHOCTH OTpaxceHHoro 
H npjiMoro cnraajioB y npneMHOH aHTeHHbi, a - 3(p(peKTHBHbffl 
nonepeHHMK pacceaHH« paflHOBOjm noBepxHocTbio 3eMjiM, Rtg, R}, R2 - 
paccTOHHHH TG, TD H DG. 

CoraacHO Teopun pacceflHHH pa^HOBOJiH noBepxHocTbio nuaHeTbi, 
OKpyxeHHOH       aTMOC(pepOH5,       K03{p(pHIi;HeHT       OTpa^CeHHH       CBH3aH       c 

pecppaKUHOHHbiM ocjiaöjieHHeM Ha Tpaccax TD X2 H DG X\ 

cooTHouieHHeM: 

r1
2(<£) = X2X2

2D
2V2(<j>) (5) 

me D2 - K034>(pHUHeHT c(pepHHecKOH pacxo^HMOcTH pa^HOBOJiH npn 

OTpaxeHHH OT noBepxHocTM njiaHeTbi, V2(<ß)- KoscpcpHuneHT oTpa^ceHHH 

njiocKofi BOJiHbi, naflaiomefl no£ yraoM cKOJibxeHHH d> K HJIOCKOH 

rpamme pa3^ejia aTMoccpepa-rpym:. KoscptpHuneHT V2(<f) 3aBHCHT OT 

ÄHSJieKTpHqecKOH npoHHuaeMocTH rpyHTa 3eMJiH s. B cjiynae KpyroBOH 

nojrapH3au,HH paßHOBOJiH H o^HopoflHoro rpyHTa CB5T3b  V2(<f))  c yraoM 

CKOJIbiKeHHH <j> H S flaeTCJI COOTHOUieHHHMH: 

V2{<P) = (rg + rvf / 4,   rg=(A-l)/(A + l), 

rv = (sA - l) / (eA + l),   A- sin i> I (s - cos2 ^) 

BbipajKeHHH ÄJiH BejiHqHH X?, X2, D2 OHJIH nojiyqeHbi paHee B 
5> 6 

H HMeioT cjie^yioinHH BHfl: 

X] = n2 (a)R? (i?;)"2 [cos(> - £) + qx sin £]"' [l - (l + <?, sin (f)d^ I d(f\' cos i> (7) 

X2 = R2
[R'2y

2[cos(> - £) + q2 sin^[l - (l + q2 sm(£)d%l d<f>]~* cos(/>    (8) 

D2 _ „itfK-W     Ml-£) + <?, cos £ 
D   - a R Rx R2   ■   - —— —- + sin ^ - £) + 

cos( ?J-£) + #, sin £ 

x      2       ' +     (9) &cos£]/[cos(0-£) + 22sin£]}       .     . 
[[l-(l + $,sin0)rf£/<ty] 

(l + q2 sin d>) I [l - (l + <?2 sin ^)d£ / dtp])   tg<j> 

qX2=n(a)al[R[2)2 ,R[2=[R2
sg-p2)"'1 -n(a)a*sm(<£),Rs = R    (10) 

A. BojTKOB.A.SaxapoB.A.KyMepsBeHKOB, C.Kpyxtix, A. FlaBejiteB, O. AKOBTOB 
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CoOTHOmeHHfl   (7)   -   (10)   CBfl3bIBaK)T   BeJIHHHHH    Xx ,    X2,    D     c 

napaMeTpaMM RS)g, a, xapaKrepM3yiomMMH nojio>KeHHe «Byx cnyraHKOB H 

3eMJiH, a TaioKe c npHuejibHbiM paccTOflHHeM £, yraaMH pecppaKUHH M 

CKOJibieHHa £ H <f>. C noMombio Bbipa>KeHHH (7)-(10) MOXHO onpe^eJiHTb 

npoHSBefleHHe X2-X2-D2 KaK <pyHKU,Hio yrjia 6 H napaMeTpa p. Hs 

pHc. 1 cjicuyeT, MTO yroji 9 c BepiiiHHOH B TOHKü O ivtex^y npHMWMH TO H 

OG paßeH: 
6=x-2(<l>-$-mcsm{p/R)-2iXcsm(p/Rg) (11) 

npH nocToaHHbix 3HaHeHHHX R, RgU a m (11) HaxoAHM: 

(#2 -p2)V2(R2
g ~p2)V2q^2 sin^ 

[2 + (qx + q2)sm$-2(1 + q{ sin^)(l + #2 sin^)^/d(f\ 

noflCTaBJiHa (7)-(12) B (5), nojiyHHM cjiejryiomee BbipaxeHHe äJIH 

K03<p(pHU,HeHTa OTpa>KeHH5i: 
r]

2^) = D2V2(^D2=XfX2
2D

2 (13) 

301 dp = n{ä)a (12) 

A2=/< 

ö- = 4^2i?2
2A2^2M/4 <15) 

CooTHoineHHH (14), (15) cBH3HBaioT HHTerpajibHyio noBepxHocTb 

pacceHHH« noBepxHocTH iuiaHera a H (paKTOp £>2 c "BHCIUHMMH" 

napaMeTpaMM: npHuejibHbiM paccTOAHHeM p, yraoM 0 H paccTOHHHüMH i?, 
Rg, Rtg, Rb Rz B oTJiHHHe OT (popMyji (7)-(12), onpe^ejiHiomHX yicasaHHbie 
BejiH'iHHbi ^epe3 "BHyrpeHHHe" napaMeTpbi <f>, n(a), a, £ 

C flpyroH cTopoHbi, (popMyna (14) coBna^aeT c HaH#eHHMM B 

cooTHomeHHeM  äJIH  pe<|>paKUHOHHoro  ocjiaöJieHH*,   cooTBeTCTByiomero 
jiyqeBOH TpaeKTopHH TG B cjiy^ae, Koma oHa npoxo^MT ^epe3 aTMoeepepy. 
OTJIHMHe MeWiy npSIMbIM M OTpa^CeHHblM CHraaJIOM BXOflHT B (14) TOJIbKO 
HeaBHbiM o6pa30M qepe3 3aBMCMMOcTb 9{p). fljifl cjiyqaa OTpaxeHHoro 
cHraajia (11) B (pyHKUHio 0(jp) BXOäHT ÄonojiHHTejibHoe cjiaraeMoe 2<f>. 

TaKHM 06pa30M, K03(p(pHUHeHT C<pepHHeCKOH paCXO^HMOCTH D2 

HMeeT    (pH3HHeCKHH    CMMCJI    pe<ppaKUHOHHOrO    OCJiaÖJieHHH    pa^HOBOJIH, 
B03HHKaiomero KaK BCJieflCTBHe pe<ppaKU,HH B aTMoeepepe Ha Tpaccax TD 
H DG, TaK H H3-3a H3MeHeHHH nonepeqHoro ceneHH« jiyneBOH TpyÖKH 

npw 0Tpa>KeHHH. OTMCTHM, HTO Bbipa>KeHMe wn D2 MoxeT 6biTb 

Hcnojib30BaHo AJiH onHcaHHH HHTerpajibHOH noBepxHocTH pacceHHHfl B 

flocTaTOHHo oömeM cjiynae ccpepimecKH cHMMeTpHHHbix cpeß, B TOM 

qncjie npn flByxno3HUMOHHOH paflHOJioKauHH Cojmua. 
BejiHHHHa dB/dp MO>KCT 6biTb Bbipa>KeHa nepe3 (pyHKUHK) a(p), 

H3MepHeMyio B 3KcnepHMeHTax flByxno3HUHOHHott pa^HOJioKauHH. B 

pe3yjibTaTe am K03(p<pHii,HeHTa D2 MO>KHO nojiy^MTb: 
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D) = -pRl I (RRg sin 9(R] - p2)U2{\ + 

(R2-p2y2      .    ....        , (i6) F        + 2(R2 -p2)U2da I dp]} a     „2x1/2 
(R -P2) 

H3 (16) cjieayeT: 

(17) 
da/dp=-{l + (R2-p2yn/(R2

g-p2)l/2 + 

pR?g/[RRg sine(R2
g -p

2)U2D2]}/[2(R2
g -p

2)m\ 

CooTHOineHHe (16) onpe/jejmeT D2 KaK (pyrncunio npnuejibHoro 

napaMeTpa p, a BbipaxeHne (17) CBH3HBaeT npoH3BOflHyio da/dp c 

H3MepeHHOH (pyHKU,HeH D2 (t). 

HlOCe   paCCMOTpHM   CB5I3b   MOKfly   (paKTOpOM    D]    H   BpeMeHHblMH 

BapHau;HHMH nacTOTbi OTpa*:eHHLix pa^HOBOJiH npn #Byxno3Mn,HOHHon 
pan,HOJioKaijMH. npn 3TOM noKa>KeM Taoce BO3MOXHOCTB onpe/iejieHHH 

(pyHKD;HH   D2    c   noMomtro   xpaeKTopHbix   mnnbix   H   (pyHKqHH   AF(t). 

,H,H(p(pepeHUHpyH 3aBHCHM0CTb 6(t) no BpeMeHH, onpe^ejuieM Hacmyio 
npOH3BOÄHyio 39/dp: 

39/3p= [d9/dt-(dR/dt)(39/dR)]/(dp/dt) (18) 
H3 (2) HaxoÄHM dp/dt. 

dp/dt= Vlsin(9+2a+G)+VeCos(9+2a+G) +d(2a+G)/dtcos(8+2a+G). (19) 
y^HTblBaa CBH3L MOKßy KOMIIOHeHTaMH   Ve, Vr H   V±, V//. 
Vff=Rdq/dt=V1cos9+V//sine, Vr=dR/dt=V//cos9-V1sin9, 8=p-9-G, (20) 

H3 (11), (16)-(18) nojiyqHM: 

Rd(2a + G) la .     jR£sin(0,-2a) 
D2 =    s 

»1/2 1 + 
dt cos 9t        Vu sin 2a + V± cos 2a 

(21) 

BbipaaceHHe (21) flaeT BO3MO>KHOCTI> BMHHCJIHTB KoacpcpnnHeHT 

c(pepHiiecKOH pacxoÄHMocTH D] no H3BecTHbiM napaMeTpaM xpaeKTopHH 

cnyTHHKOB 9, R, Rg, VI, V//, a TaioKe no HanßeHHOH M3 jOMepeHHH 
pa3HocTH    nacTOT    (pyrncmra     a(t).    3aTeM,     Hcnojib3ya    H3MepeHH5i 

K09(p(pHI],HeHTa OTpa«eHH5I   if ,  MO>KHO  HaHTH  H3  (5)  (pyHKUMK)   V2 ((f)   H 

onpe^ejinTb c noMombio (6) BejinnnHy s. 
IlojiyTCHHbie (popMyjibi cBü3biBaioT BHyTpeHHne xapaKTepncraKM 

aTM0C(pepbi: yrwi pecppaKmra £ H yroji cKOJibxeHna (f> c BHeniHHMH 
napaMeTpaMH a H p, cooTBeTCTByromHM noKHHyBuiHM aTMoccpepy 
paflHOBOJiHaM. YKa3aHHbie COOTHOUJCHMH onncbiBaiOT B npHÖJinxeHHH 
c(pepHHecKon CHMMeTpHH BJiHHHHe aTMoccpepbi 3eMJiM Ha aMnjiHTyflHbie H 

nacTOTHbie xapaKTepHCTHKH 0Tpa>KeHHbix pa^HOBOJiH npn Majibix yrjiax 
MecTa, ecjiH H3BecTHa 3aBHCHMocTb noKa3aTejiH npejioMjieHHfl OT BMCOTM, 

onpeflejiHiomafl (pyrncunn £(p), a(p). J\m yrOTHeHHH BH^a (pyHKnnn %(p), 
a(p) paccMOTpnM pa^HO(pH3HHecKyio Mo#ejib pecppaicnHH B 3CMHOH 

aTMOctpepe npn ßByxno3Mii;HOHHOM panHOJioKannn. 

A. Bo^noB:A.3axapoB,A-KyMepaBeHKOB, C.Kpyxbix, A, riaBwibeB, O. üKOBJICB 



PajH0(^H3HiecKaa Moaejib pedbpaKiiHH B aTMoccpepe 3eMJiH npn 
JlBVXn03flIIHOHHOH pajHOJIOKaUHH. 

#JIH onMcaHHfl pecppaKHHH BBe^eM (pyHKUHio u(h), 3aBHcamyio OT 

MoaH(J)Hij;HpoBaHHoro noKa3aTejiH npejioMJieHH«: 

u(h) = \n\r)r2 - n2(d)a2^2,        h=r-a, (22) 

rae n(r), «f«>noKa3aTejiH npejioMJieHHfl arMoccpepbi Ha ypoBHflx, Haxo- 
flHmHxca Ha paccTOHHHH /• H a OT Hempa 3eMJiH. 

PaccMOTpHM Taicace pecppaKHHOHHyio (pyHKnnio F(u), nponopnno- 
HajibHyio rpaanerny noKa3aTejm npejioMJieHna n 'r: 

F(u)=-n'Jn, n'u=nyu (23) 
BbicoTHbiH  npo(J)HJib  n(r)  MOJKCT 6biTb  Bbipa)*ceH  B  napaMeTpMHecKOH 
(popMe,   no  H3BeCTHOH   (pyHKHHH   F(u),   eCJIH  3aBHCHMOCTb  MOflH(pHUMpO- 
BaHHoro noKa3aTejia npejioMjiemwi M(r)=n(r)r/a OT BMCOTH MOHOTOHHa: 

u 

n(u) = n(a)exp j[-F(u)du], (24) 

2   ,      2/   N    2x1/2 

r'M) = r 
_(«2 +n2(a)a2)1 

r{u) = (u + n(d)a)    exp 

F(u) 

u 

\F(u)du (25) 

n{ 
F(u) = -u\u2 + n2(a)a2Y —zr—T (26) 1 J    nr    + nr 

B OTJIHHHe OT (pyHKHHM Yl(r) CBH3B Me>KÄy (pyHKHHflMM /^ H yrJIOM 
pe<ppaKHHH pa^HOBOjiH £(#) onHCbmaeTca JiHHeftHbiM HHTerpajibHbiM 
ypaBHeHHeM: 

CO 

ftp) = p$F(u)du(u2 +s2ym;s2 = rc2(a)a2 -p2, (27) 
o 

r^e ^-npHHejibHHH napaMeTp,  cooTBeTCTByromHH uempy oTpaxaiomefi 
OÖJiaCTH. 

ECJIH 3aBHCHMOCTb Yl(r)r OT A* HeMOHOTOHHa, TO, pa3ÖHB BblCOTHblH 
npocpHJib «fr> Ha ynacTKH, me 3HaK npoH3BOÄHOH M'r coxpaHHeTCH, 
MO>KHO flJiH Kaaqxoro H3 HHX ocymecTBHTb 3aMeHbi (22), (23). B STOM 

cjiyqae BXoasimaH B (24) (pyHKHHfl F(u) 6y#eT KycoMHo-HenpepwBHOH, 
nocKOjibKy npoHcxoÄHT HajioxeHwe BJIHHHHH oTflenbHbix yqacTKOB BMCOT- 

Horo npocpMH» M(r). 
JXKSS. cTaHAapTHoft saBHCHMocTH noKa3aTejia npejioMJieHHH OT BH- 

COTH
7
: 

n(r)=l+Nexp(-j3t(r-a)) (28) 
BHA (pyHKHHH F(u) noKa3aH Ha pnc. 2 npH ^=0.125 KM, ö=6400 KM. Flo 
ropH30HTajibHow OCH Ha pHc.2 OTjioxeHbi 3HaneHH5i u B KM, no BepTH- 

KajibHbiM OCHM BejiMHHHa F(u)\06 H H-BbicoTd. B aTMoccpepe 3eMJIH. KpM- 
Bbie 1,2,3 onncbiBaiOT 3aBHCHMocTb F(u) npH Nff=320; 300; 280. KpHBaa 4 
noKa3bmaeT cBH3b MOKny BMCOTOH H=r-a B aTMoccpepe 3eMJin H napaMeT- 
poM u. CoraacHO pnc. 2, cpyHKnnfl F(u) oöpainaeTca B Hyjib npn w=0, 
3aTeM   JiHHeHHO   pacTCT,   ÄOCTHran   MaKCHMyMa   npn   «=202   KM,   TTO 

V BojiKOB,A.3axapoß,A.KyMep!iBeHKOB, C.KpyTbix, A. IlaBejibeB, O. flitOBjieB 



cooTBeTCTByeT BejiHMHHe H=2,5 KM, H yÖBißaeT npaKTiraecKH flo Hyjia npw 
u nopHÄKa 600-800KM. Ha pHC. 3 noKa3aHa 3aBHCHMocTB F(u) OT 

rpazjHeHTa noKa3aTeji5i npejioMJieHHH ßt. Flo BepTHKajiBHOH OCH Ha pnc. 3 

OTJIOJKeHBI  3HaHeHH3   F(u)\06,   no   ropH30HTaJII>HOH   OCH   -   BejIHMMHa   U  B 
KM. KpHBbie 1, 2, 3 cooTBeTCTByiOT 3HaqeHHHM $=0,1465; 0,1265; 0,1065. 
CorjiacHo pnc. 3, yBejiHHeHHe rpanneHTa ßt H3MeHHeT KaK BejiHHHHy 
(pyHKUHH F(u), TaK H ee cpopMy, cMeinaa nojio^eHne MaKCHMyMa B CTO- 

pOHy MeHBUIHX BBICOT H. 

F(u)   H, km 

1,5-i-75 

200 800 a, km 400 
PMC. 2. 

3aBHCKMocTb  pe4>paKUHOHHoß  (jryHKUHH   F(U)  OT  napaMerpa   U .OJIH 

CTaH^apTHoro npo<J)HJiH noKa3aTejia npe;ioMJieHHfl B aTMOc^epe 3eMjm: 
n(h)=l,0+Noexp(-ßth) npH No=320; 300; 280 H ß,=0,125 KM"

1
 (icpHBbie 1, 

2, 3). CBH3B napaMeTpa U c BMCOTOH H HjijuocTpHpyeTCji KPHBOH 4. 

Flu)        ti,km 
1.50 -T- 7i~ 

0.00 
0,00 200.00        400.00        600.00        800'.00   U,km 

Pnc. 3. 3aBHCHMOCTb pe<ppaKLpioHHoft c|)yHKu;wi OT napaiweTpa ßt. KpHBbie 1, 2, 3 
cooTBeTCTByiOT 3HaneHHHM ßt=0,145; 0,125; 0,105 KM

-1 
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Pe3yjiLTaTbi HHCJieHHbix pacqeTOB F(u) H cooTHomeHHe (27) flaiOT 
B03MOXHOCT& npoaHajiH3HpoBaTb 3aBHCHM0CTH t,(p) H d%(p)/dp. KaK 
OTMeqajiocb Bbiiue, BejiM^iMHa d^/dp onpeflejiaeT BejuriHHy 
pecppaKHHOHHoro ocjiaöJieHHH npH Majiwx yrjiax MecTa. ComacHo (28) 
npH s>u, me um - 3HaqeHHe u, cooTBercTByiomee BepxHen rpaHHue 
aTMOc(pepbi, um~700 KM, H~45 KM, Haxo^HM: 

oo 

€(P) ~ Ps"l \ F{u)du = ps"1 ln(n(d)), sin ^ f um I n(a)a (29) 
o 

3TO npHÖJiHaceHHe cooTBeTCTByeT H3BCCTHOH TeopeMe Jlanjiaca, oiracbi- 
BaiomeH pecppaKUHK) npH 6ojibiiiHX yraax MecTa, f>5. FIpH MeHbiimx 3Ha- 
neHHflx s flJiH 3aBHCHMOcTH %(p) CTaHOBMTCfl BaxHOH (popMa (pyHKUHH 
F(u), KOTopan onpe^ejiHeT aMruiHTyijHbie M qacTOTHbie xapaKTepMCTHKM 
OTpaaceHHblX paflHOBOJIH  BÖJIH3H  30HBI  pa/HlOTCHH.  ,ZJjIH  BejIHHHHbl  d^/dp 
H3 (27) Haxo^HM: 

"F(U) d%       2 _, 
— = p s 
dp 

t(p)      ?/°f   d[F(u)/u] 
+ + P  J—71 7777^«      (30) 

„=o        ^ o dw^w   + s J 

[^(tt)/«],^=(«(fl)fl)"2«r
/ /(/w-1 +«;)r=o     (3i) 

CoraacHO (30), (31) npM Maiibix yrjiax CKOjibxeHHH BejiHHHHa d^/dp 
3aBHCHT rjiaBHbiM o6pa30M OT nepBoro cjiaraeMoro B npaBOH nacra (30), 
3HaqeHMe KOToporo nponopuHOHajibHO oTHouieHHio rpanneHTa 
noKa3aTeji5i npejioMJieHHü K rpaztneHTy MOfliKpHUHpoBaHHoro noKa3aTeji5i 
npejioMJieHHH B npH3eMHOM cjioe aTMoccpepbi. 

CymecTBeHHbiM (paKTOpoM, BJIHHKDIIIMM Ha aMmunyziy paßHOBOjiH 
npn Majibix yrjiax MecTa, jrajmeTCH norjiomeHHe B aTMoc(pepe. Jinx BCJIH- 

qMHbi HHTerpajibHoro noniomenHH oTpaxeHHbix paßHOBOjm F npH npoxo- 
jKflemiM B aTMoc(pepe MOXHO nojiyqHTb BbipajtceHHe: 

Ä = 2)du(u2 + n2{a)a2)U2(u2 + s2) 
1/2 u 

F(u) r(u)y(u)    (32) 
_(u2 + n2(a)a2) 

me y (u)- K03(p(pHmieHT noniomeHHfl paflHOBOJiH B aTMoccpepe. 

CooTHomeHHfl   (28)-(32)   6HJIM   Hcnojib30BaHbi   npM   HHCJieHHbix 
pacneTax K03(p(pHHHeHTa ccpepH^ecKoft pacxoßMMOCTH npH Manbix yniax 
CKOJIbXeHHH. 

Pe3yjibTaTM HBMepeHHH napaMeTpos noacTHJiaiomeH 
noeepxHOCTH H aTMOcfpepw 

ConocTaBHM   nojiyieHHbie   pe3yjibTaTbi   c   sKcnepHMeHTajibHbiMH 
^aHHMMH   OflHOrO   H3   CeaHCOB  flByxn03HHHOHHOH   paÄHOJIOKaHHH   3eMJIH. 
CeaHC npoBOAHJica HenocpeacTBeHHO nepen, 3axoAOM H BO BpeMfl 3axo^a 
OpÖHTaJIbHOH CTaHHHH  "Mup"  B 30Hy paflHOTCHH  3eMJIH  Ha AJfflHe  BOJTHbl 
A,=32 CM. npneM OTpaxeHHbix pa#HOBOJiH ocymecTBJiflJica Ha cnyraHKe- 
reocTauHOHape. OTpaxeHHbie paAMOBOJiHbi M npüMOH cHraaji B aHanoro- 
BOÜ (popMe peTpaHCJiHpoBajiHCb c reocTau;HOHapa Ha Ha3eMHbiH 
npHeMHbiH nyHKT. riocjie peracTpaHMH Ha aHajioroByio MaraHTHyio jieHTy 

\. BojiKOB,A.3axapoB,A.KyMep>iBeHKOB, CKpyxux, A. flaBejibeB, 0. ^KOBJiea 



npoBOflHJiacb nepe3ariHCb cHraajioB B HHcppoßyio cpopMy H oöpaöoTKa c 
HCnOJlL30BaHHeM   ÄaHHMX   O   TpaeKTOpHH   CTaHUHH    "Mup".    HaXOßHJIHCb 
(popMa H MoiuHocTb flormepoBCKoro cneKTpa OTpaxeHHoro CHraajia, a 
TaioKe ero nojioxeHHe OTHOCHTCJIBHO npaMoro CHraajia, onpeflejiaeMoe 
pa3HOCTbK) HaCTOT AF(t).  H3 H3MepeHHH MOLUHOCTM oTpajKeHHoro   WO H 

npHMoro cHraajioB Wp Haxo^HJica KoscpcpHUHenr oTpaxeHHH  7]2(t). H3 

TpaeKTOpHBIX     flaHHBIX     H     paflHO(J)H3HHeCKOH     MOfleJIH     pe(ppaKÜ[HH     B 
aTMoeepepe 3eMJiH BbiracjrojiHCb nojiojKeHHe TOHKH 3epicajibHoro 
oTpaxeHHfi D npn HajiHHHH H OTcyTCTBHH aTMoccpepbi, a TaKxe 

cooTBeTCTByiomHe K03(J)4)HUHeHTbi OTpa>KeHHH rj\(t) H n\(t). Ha pHC. 4 

noKa3aHbi pe3yjibraTbi H3MepeHHH KoacJxpHUHeHTa oTpa>KeHMa rj2 (t), 

KOTOpbie conocTaBJieubi c #aHHbiMH TeoperaHecKHx pacqeTOB. Tlo 
BepTMKajibHOH OCH Ha pHC. 4 OTJiojKeHbi 3KcnepHMeHTajibHbie 3HaqeHHH 
K03<J)4)Hi;HeHTa OTpaxeHHH, no ropH30HTajibHOH OCH - BpeMH OT Haqajia 
ceaHca B ceKyH^ax. KpHBaa 6 Ha pnc 4 HBJiaeTCH SKcnepHMeHTajibHOH, 
KpHBbie 1-3 onHCbmaKiT pe3yjibTaTbi HHCJieHHbix pacqeTOB K03(p(pHHHeHTa 
OTpaaceHHH npn HajiHHMH aTMoccpepu. KpHBaa 5 annpoKCHMHpyeT 
3KcnepHMeHTajibHyio KpHByio 6 Ha yqacTKe ao 3axofla. KpHBaa 4 
onncbiBaeT 3aBHCHMocTb K03(p(j)Hij;HeHTa oTpaxeHHH or BpeMeHH B cjiynae 
oTcyrcTBHH     aTM0C(pepbi.     KpHBbie     1;     2;     3,4     paccqHTbiBajiHCb 
COOTBeTCTBeHHO flJIfl CJieflyiOIUHX 3HaneHHH npOBO^HMOCTH MOpCKOH BOßbl 
0=2,7; 4,0; 7,0 MO/M. 3HaqeHHe ÄeHCTBHTejibHOH qacTH ÄHSJieKTpH^ecKOH 
npoHHHaeMocTH öbuio npHH5rro B COOTBCTCTBHH C 

8 paBHbiM 79. 
KpHBbie 1-3 nocTpoeHbi npn #0=320 ßt =0,1265 KM. YKa3aHHbie 3Haqe- 
HHü N0 H ßt corjiacyioTCH co cTaH^aprabiM npo<pHJieM noKa3aTejiH npe- 
JioMJieHHH B aTMoeepepe SeMJiH7. MOMCHT BXoxßeHH« B pan,HOTeHb co- 
OTBeTCTByeT Ha pnc. 4 nepeceneHHio KPHBOH 4 c ropH30HTajibHOH ocbio. 
SKcnepHMeHTajibHbie 3Ha^eHH5i K03(p<pHU,HeHTa OTpaxeHHH ÄOcraraiOT 
MaKCHMajibHbix BejiHHHH B 30He paflHOTeHH, HcnbiTbiBaa cymecTBeHHbie 
BapnaHHH. ßHe yKa3aHHOH 3OHH cpeflHHH ypoßeHb H3MepeHHoro B 3Kcne- 
pHMeHTe K03(p(pHHHeHTa OTpa^eHHH h (t) corjiacyeTCH c KPHBOH 5. H3 
CpaBHeHHÄ   KPHBOH   5   C   KpHBbIMH   1-3   MO>KHO   OUeHHTb   BejIHHHHy  HHTe- 
rpajibHoro norjiomeHHH aTMoccpepbi B panoHe H3MepeHHH 7k4,8±l,2 AE. 

npn AJiHHe nyra pa/jHOBOJiH B axMoc(J»epe 3CMJIH, paBHOM 500 KM, STO 

cooTBeTCTByeT cpeAHeMy 3HaneHHK) Kos(p(pHUHeHTa noraoineHHa 
^-0,0096+0,0024 AE/KM. 3Ta BejiHHHHa xopomo cornacyeTca c pe3yjibra- 

TaMH H3MepeHHH norjiomeHHH B aTMoccpepHOM KHCJiopofle, npoßefleHHbix 
paÄH03aTMeHHbiM MeTOÄOM, a Tarace c TeopeTHnecKHMH H SKcnepHMeH- 

TajibHbiMH ÄaHHbiMH, onHcaHHbiMH B '. 3aMeTHbie BapnaHHH r/2(t) BHe 

30Hbi pa^HOTeHH Moryr 6biTb Bbi3BaHH KaK annapaTypHbiMH npHMHHaMH, 
TaK H BJIH5IHHeM HeOflHOpOn,HOCTH MOpCKOH nOBepXHOCTH 
(HepaBHOMepHbiM     pacnpe^ejieHHeM     inepoxoBaTocra,     H3MeHeHHHMH 
npOBOflHMOCTH) H HH)KHHX CJIOeB aTMOC^epbl 3eMJIH. 

A. BojiKOB,A.3axapoB,A-KyliepiiBeHKOB, C.Kpyrbix, A. naDejibeB, O. JIKOBJICB 



100,00 200.00 t,ce.K 

PHC    4.     ConocxaBJieHwe    TeopeTHLiecKnx    pacneTOB    c    3KcnepHMeHTajibHcw 
3aBHCHMOCTbIO K03(|)4)MIJ,HeHTa OTpa>KeHHfl I]2 OT BpeMeHH 

TaKHM o6pa30M, orracaHHan paAHo4>H3HHecKaH Mo^ejib ynoBJieTBo- 
pHTejitHo corjiacyeTca c SKcnepHMeHTajibHbiMM flaHHbiMH, nojiyHeHHbiMH 
B6JIH3H 30HH paßHOTeHM.   3aMeTHbie  OTKJIOHeHMfl  OT yKa3aHH0H  MO^eJIH, 
Ha6jiK)ÄaBiUHecH B aKcnepHMeHTe B 30He paßHOTeHH, MoryT 6biTb CBH3aHbi 
C 3<p(peKTaMH BOJIHOBOÄHOrO pacnpOCTpaHeHMH,  HeOÄHOpOßHOCTbK) aTMO- 
C(pepbl, H APyrHMH aHOMaJIMHMH. 

3aKJiiOTeHHe 

npoBefleHHbiH aHajiH3 noflTBepag^aeT npHHiiHrmajibHyio 
peajuoyeMocTb pa#Horojiorpa(pHHecKoro MeTo^a pa^HOJioKaijMH. 
Bioiio^eHHe     pa^HorojiorpacpHHecKHX      cpeacTB     B      nepcneKTHBHyio 
MeXHyHapOflHyiO  KOCMHTOCKyiO  CHCTeMy flHCTaHI];HOHHOrO 30HflHpOBaHHH 
no3BOJiHT peuiHTb iiejibiH pHfl coLtHajibHO-SKOHOMHHecKHx sa^ai: 

• rjI06aJIbHbIH BCenorOÄHblH SKOJTOrHHeCKHM MOHHTOpHHr 
noBepXHocTH  3eMJiH  H  oxeaHOB,   cHCTeMaTiwecKoe  H3MepeHHe 
ÄByxn03HD;HOHHbIX       XapaKTepHCTHK       OTpa^KeHMH       paflHOBOJIH, 
onpe^ejieHHe MX peraoHajibHbix, ce30HHbix, roflOBbix BapHaijHH, a 
TaOCe HX HaCTOTHOH 3aBHCHMOCTH; 

• nojiyqeHHe paaHOM3o6pa3ceHHH H36paHHbix panoHOB 3eMJiH pjix 
yroHHeHHH H pa3BHTHH MeTOAOB BcenoroAHoro KOHTPOJIH 

sKonorHqecKoro COCTOHHHH noBepxHocra; 
• rjioöajibHbiH      MOHHTopHHr     aTMoccpepbi      3eMjra,      BKJuo^aa 
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030Hoc(J)epy; 
• JoyqeHMe npocTpaHCTBeHHo-BpeMeHHOH H3MCHHHBOCTH 

aTMoccpepw H ee ce30HHbix BapHaiiHn; 
• BLmBJieHHe npH3HaKOB SKOJIOraqeCKH 3Ha*IHMblX H3MeHeHHH 

COCTOflHHfl aTMOccpepbi. 
• H3VHeHHe BJIHMHHS Ha aTMOC(pepy ByjIKaHHqeCKMX POBepXeHHH H 

HHTeHCHBHblX aHTponoreHHblX B03fleHCTBHH; 
• cHCTeMaTHqecKoe H3MepeHne napaMeTpoB aHOMajibHbix 

o6pa30BaHHH B axMoccpepe (HHKJIOHM, TaH(pyHbi, nbiJibHbie 6ypn 
H T.n.) npH npoxo>K/i;eHHH pamioBOJiH no,n, MajibiMH yraaMH 
CKOJib^KeHHH qepe3 aTMoccpepy B6JIH3H 3OHW pa^HOTeHM. 
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Abstract 

The first experiments on bistatic radiolocation of the Earth2 were carried out by virtue of 
techniques developed earlier at probing of the Moon and Venus. For the case of an Earth 
surface probing this technique should be refined and modified with taking into account 
both much greater variety of the Earth natural coverages, and special features of radio 
waves propagation in the Earth atmosphere in case of small elevation angles. These 
conditions sharply differ from the existing ones in the Venus atmosphere, where always 
there is a level of a critical refraction, and refraction effects are expressed in their 
maximum degree. In the Earth atmosphere under average conditions there is no critical 
refraction that allows to trace a reflected signal up to a radioshadow zone and to observe 
an interference of the reflected signal with a direct one. Results of an analysis of a 
reflected signal propagation close to a radioshadow zone show that a proper 
radiophysical model is required to describe relations between the amplitude, frequency, 
phase and spectrum of a reflected signal and radiophysical parameters of an earth 
surface, and also the vertical profile of an index of refraction and absorption. 

Analysis of the Earth atmosphere influence on the measurements of 
terrestrial surface parameters 

The scheme of the Earth surface bistatic radiolocation is shown in fig. 1. The LEO and 
GEO satellites positions are shown with points T and G, point O indicates the Earth 
centre, point D is a point of echo reflection from the spherical planet surface. Radial 
paths 1 and 2 correspond to the paths of propagation of direct and reflected radio waves. 
When satellite T enters a radioshadow zone, paths 1 and 2 bend due to the influence of 
refraction in the ionosphere and troposphere. The Doppler frequencies of a direct and 
reflected radio waves do not coincide, because of a difference in angles between the 
tangents to rays 1 and 2 at point T and of a LEO satellite velocity at point V. The 
difference in frequencies AF(t) between a direct signal and reflected one is related to the 
value of angle 2a between the tangents to radial paths 1 and 2 at point T (fig. 1) as 
follows: 

a = arctg{AAFI VL +(KJ
2
 +2AAFK7/ -^(AF)2)"*] } > C1) 

where X - length of radio waves, VL, VII - components of V, a satellite velocity, parallel 
to plane TGO. Component VI is perpendicular, and component VII is parallel to TG. 
From eq. (1) follows that from the AF(t) relation one can derive the function a(t). In fig. 
1 glancing angle <j) of radio waves at point D and refraction angle £ are also shown. In 
case of a spherical symmetrical atmosphere the Snell's law of refraction is valid: 

p=n(a)acos(/f=Rsin{Gt-2a), (2) 
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where 9t - an angle (with its top at point T) between the tangent to radial path / and 
direction TO, R- a satellite-centre of the Earth distance, p - an aim parameter 
corresponding to the centre of the reflecting area at point D, n(a) - an index of the 
atmosphere refraction, a- the Earth radius at point D. 

As shown , in case the accuracy of the trajectory data of a LEO satellite position is 
rather high, and also the value of parameter n(a)a is known, there is a principle 
capability to determine the glancing angle 0 from eq.(2). The relation between the angle 
of refraction %(p), glancing angle ^and function a(t) is as follows: 

^=0-a-O,5(arcsin(Rsin9/Rg)-arcsin(p/Rs)), (3) 

where Rg - GEO satellite-centre of the Earth distance. If Äg->oo, equation(3) transforms 
in to the known ratio derived earlier4: %=<fha. 

Thus, the angle a, measured on the difference of Doppler frequencies, makes it possible 
to determine the angle </) from eq.(2) and angle £($ from eq.(3). The accuracy of 
determination of angles $ and £is depends on errors in measurement of AF(t) and errors 
in the trajectory information. 

/li. 

Fig. 1 

There is another important radiophysical parameter describing the effect of atmosphere 
influence on a reflected radio wave amplitude, which can be determined if function 
AF(t) is known. This parameter is related to a factor of radio waves reflection from the 
Earth surface 77 (0).ln case receiving and transmitting antennas have isotropic patterns 
the factor rj2(<f>)\s determined as: 

rf (0) = W01 Wp = <JR?K 14^,2Ä2
2, (4) 

where W0, Wp - power flux densities of reflected and direct signals of the receiving 
antenna respectively, a - an effective diameter of the cross-section of radio waves 
scattering by the Earth surface, Rtg, R,, R2 - distance TG, TD and DG respectively. 

According to the theory of radio waves scattering by a surface of a planet surrounded 
with an atmosphere5, the reflection factor has the relation with a refraction attenuation 
on lines TD X? and DG X\ as follows: 

^{^^X^XlD'V2^) (5) 
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where D2- a factor of a spherical divergence of radio waves at reflection from a planet 
surface, V2(<p) - a reflection factor of a plane wave incident under a glancing angle (/> to 
the atmosphere-ground interface plane. The factor V2(<f>) depends on the capacitivity s of 
the Earth ground. In case of circle polarization of radio waves and homogeneous ground 
the relation between V2(<j)) and a glancing angle <f> and capacitivity s is as follows: 

(6) V2{0)=(rg+rv)   I A,   rg =U-l)/U + l) 

rv = (sA-1) /(s4 + l),   A = sin^ l{s -cos2 ^)"' 

The expressions for X2, X2, D2 are ' : 

X2 = n2(a)R?(R{)~2[cos(<fi -$ + q, sin £]~'[l - (l + qx sin <£)d?; I #]"' cos </,     (7) 

X2
2=JR2

2(^)"2[cos(^-^) + g2sin^'[l-(l + ^sin^/^]~lcos^ (8) 

[sin(^-|) + g, cosg] 

[[cos($»-£) + #, sin <^] 
+ sinl '-*)- 

42 cos ^]/[cos(^ - g) + q2 sin |]} 
(l + <22 sin^J (9) 

[l-(l + #, sin^)d£ /c/^] 

(l + #2 sin<#) /[{-({ +q2 sin <f>)di; /rf^j]   fg^ 

g,2=4a)«/(<2)
2
;<2=(<,-p2)'/2-«(a)a*sin^),/?, = Ä (10) 

The eqs.(7) - (10) relate the values of x], X\, D2 with the parameters RSig, a, describing 

the position of two satellites and the Earth, and also with the aim distance p, angles of 
refraction and glancing £and <p. From expressions (7) - (10) the product Xf'X2 £>2can 

be derived as a function of a angle 9 and parameter p. From fig. 1 the angle 0 with its 
top at point O between the straight lines TO and OG is: 

6>=^-2(^-arcsin(p/i?)-arcsin(p/i?g) (11) 

If the values R, Rg and a are constant, it follows from (11): 

deidp=n{a)a[R1~pl)V1[Rl-p2)mq^2sm(t>     * (12) 

[2 + (<7, +<72)sin^-2(l + <7l sin^)(l + <72 smfyd^l d(f\ 

Substituting eq.(7) - (12) in eq.(5), one can derive the following expression for the 
factor of reflection: 

rf{f) = D'V2{0),D* = X2X2
2D

2 (13) 

D2 =pRl[(R2 -P2
)'\RI -p2)mRR^\sm0.dei$>Y <14) 

cx = A7cR2R2
2DlV2{(f)IRl (15) 

The expressions (14), (15) relate the effective diameter <xand factor D) with "external" 

parameters: aim distance p, angle 9 and distances R, Rg, Rtg, Ri, R2, while the formulas 
(7) - (12) determine the said variables through "internal" parameters <j), n(a), a, £ 

On the other hand, eq.(14) coincides with the ratio found in 6 for refraction attenuation 
valid for the radial path TG in case when the latter passes through the Earth atmosphere. 
The difference between a direct and reflected signal is included in eq.(14) through 
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relation 6{p). In case of a reflected signal (11) function 6{p) includes the additional 
addend 2<j). 

Thus, the physical meaning of the factor of a spherical divergence D
2
 is refraction 

attenuation of radio waves due to the refraction in the atmosphere along the lines TD 
and DG, and also due to some change of the cross-section of a scattering beam tube at 
reflection. Let us notice, that the expression for D; can be used to describe the effective 

cross-section diameter of an integral scattering surface in the rather common case of 
spherically symmetrical environments, including the case of bistatic radiolocation of the 
Sun. 

The value of d&cfr can be expressed through the function a(p), measured during bistatic 
radiolocation. As a result the factor ^ is as follows: 

D) = -PK I (RRK sin 0(Rl - p2)m{\ + 
(R2-p2)U2 06) 
(R2-p^ + 2(R2 ~P2)mda Idp}} 

(17) 

From eq.(16) it follows: 

dal'dP = ~{1 + {R2 -p2)"2 /(R2 -pl)m + 

pRl I[RR,s\n 9{R; -p2)mD2}}I[2(R] -p2)"2], 

Expression (16) determines D; as a function of aim parameter/?, and expression (17) 

relates a derivative da/dp with the measured function D] (t). 

Relations between the factor D
2
 and temporary variations of frequency of reflected radio 

waves at bistatic radiolocation are studied below. As it is also shown below the function 
D/can be determined via trajectory data and function AF(t). After differentiation 6(t) 

with respect to time the partial derivative dQ/dp is as: 
dO/dp=\d&dt-(dR/dt) (d&dK)\/(dp/dt) (18) 

From eq.(2) the expression for dp/dt is as follows: 

dp/dt= Vfsin(ß+2a+G) + Vecos(0+2a+G) +d(2a+G)/dtcos(0+2a+G). (19) 

Taking into account the relation between components Va Vr and VM V//\ 

Vg=Rdq/dt=Vj,cos0+V//sinÖ, Vr=dR/dt=V//cosß-Vj_sinO, 0=p-9-G, (20) 

from eq.(l 1), (16) - (18) it follows: 

D2 = 
Rlsin(-0> ~2g) J, , Rd(2a + G) la 

k-pT 
Kayia + ir)     la I    (21) 

dt cos 0,        Vt/ sin 2a + Vx cos 2a J 

Expression (21) enables to calculate the factor of a spherical divergence D] with known 

trajectory parameters of satellites 0, R, Rg, VI, V,/, and also with the difference, found 
from measurements of frequencies of the function a(t). Then, using measurements of 
the coefficient of reflection if, it is possible to find from eq.(5) function V2(</>) and to 
determine with eq.(6) the value of s. 
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The derived formulas relates the internal characteristics of atmosphere: the angle of 
refraction £and glancing angle ^ with external parameters aandp, corresponding to the 
radio waves, left the atmosphere. The considered relations are the amplitude and 
frequency characteristics of reflected radio waves under conditions of a spherical 
symmetry of the Earth atmosphere, small elevation angle and known the index of 
refraction-to-the altitude ratio which in turn determines functions %(p) and a(p). Let us 
consider a radiophysical model of refraction in the Earth atmosphere at bistatic 
radiolocation to define more exactly functions %(p) and a(p). 

A radiophvskal model of the Earth atmosphere refraction at 
bistatic radiolocation. 

Let there is given a function u(h), dependent on a modified index of refraction: 

u{h) = [n\r)r2 - n2(a)a2f\ h=r-a, (22) 

where n(r) - the index of atmosphere refraction at the levels located at distances r and a 
from the centre of the Earth. 

Let there is also given a refraction function F(u), proportional to the gradient of the 
index of refraction nr: 

F(u)--=-n'Jn, n'u=n\r'u (23) 

If the modified index of refraction M(r)=n(r)r/a depends on the altitude monotonously, 
the vertical profile of the refraction index n(r) can be expressed in a parametric form 
with the known function F(u): 

n(«) = rt(a)exp j[-FO)<5fa], 

(25) 
/■(«) = {it2 + n2{a)a2)m exp 

r>) = r F(u) 

\F(u)du , 

,    F(u) = -u[u2+n2(a)a2Yi       "'    ,       (26) 
.(«   + n (a)a ) 

Unlike the function n(r), the function FfwJ-the angle of refraction £fo) relationship has a 
form of a linear integral equation: 

#/>) = p]F{U)di,(U
2 + s2yV2;s2 = n2{a)a2 - p2, ^27) 

o 
where p - the aim parameter, corresponding to the centre of a reflecting area. 

In case the function n(r)r is not monotonous, then by dividing the vertical profile n(r)r 
into segments, in which the derivative Mr maintains its sign, one can perform 
replacements with eq.(22), (23) for each of the segments. In this case function F(u) 
included in eq.(24) is sectionally continuous, as a superposition of influence of the 
segments of the vertical profile M(r) takes place. 

For the case of a standard dependence of the refraction index on the altitude : 

n(r)=l+Nexp(-ßt(r-a)) (28) 

the function F(u) is shown in figure 2 at #=0.125 km, «=6400 km. Curves 1,2,3 show 
the relation F(u) at N0 = 320; 300; 280, respectively. The relation between the altitude 
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above the Earth surface H=r-a and the parameter u is illustrated by curve 4. The 
function F(u) (figure 2) goes down to zero at K=0, then grows steadily, achieving its 
maximum at w=202km that corresponds to the value 77=2,5 km, and decreases 
practically down to zero at u of about 600-800 km. The relation F(u) to the gradient of 
the index of refraction ßt is shown in figure 3. Curves 1,2,3 correspond to values /?=0,1465; 
0,1265; 0,1065, respectively. An increase of the gradient ß changes both the value of function 
F(u) and its shape, the maximum of F(u) shifts to the smaller values of 77(see fig. 3). 

F(u)   H, km 
l,5-i-75 

400 

Fig. 2 

V, km 

The refraction function /^-parameter u dependence for a standard profile of the index 
of refraction in the Earth atmosphere: n(h)=\,Q+N„exp{-ß,h) at A/,=320; 300; 280 and 
/?,=0,125 km"1 (curves 7,2,3). Parameter U- altitude H dependence (curve 4), 

0.50 

0.00 
200.00 400.00   600.00 

Fie. 3. 

Function of refraction F(i<>--parameter ß, dependence. The curves /, 2, 3 
correspond to the values of/?,=0,145; 0,125; 0,105 km"', respectively. 
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With the results of numerical solution of F(u) and relation (27) it is possible to 
determine dependences Efo) and d%(p)/dp. As it was noticed above, the value of d£/dp 
determines the value of refraction atennuation for the case of small elevation angles. 
From eq.(28) in case of s>u, where um - the valie of u corresponding to the upper 
boundary of the atmosphere, um ~ 700 km, H~ 45 km, one can get: 

&p) ~ ps'[ J F(u)du = ps'] \n(n(a)), sin <j> f um I n(d)a (29) 
o 

This approximation corresponds to the known Laplace theorem, describing refraction in 
case of large elevation angles, <fi>5. The function F(u) determines amplitude and 
frequency characteristics of reflected radiowaves close to a radioshadow zone. In case of 
small values s the function £(p) depends on the function F(u). From eq.(27) one can get: 

d% _   2 - 
dp 

F(u) J(p)      2l_4F(^l±_du (30) 
i       P o du\ u   + s } 

[F(u)/li=^{n(a)aY2
n'r/(nri

+ni)ro (31) 

From eq.(30), (31) for the case of small glancing angles the value dE/dp depends mainly 
on the first member in the right-hand part of eq.(30), the value of which is proportional 
to the relation of a refraction index gradient to a modified refraction index gradient in 
the bottom atmospheric layer. 

The absorption in atmosphere is an essential factor influencing the amplitude of a 
radiowaves in case of small elevation angles. The integrated absorption Ä of reflected 
radiowaves, passing the atmosphere, it can be derived: 

Ä = 2°Uu{u2 + r?UW)mW + S
2Y'\ (2     \, \ 2\ - F<") K«)r,(") (32) 

o LI"   + »(a)« j J 
where yp{u) - coefficient of radiowave absorption in the atmosphere. 

Eqs. (28) - (32) were used in the numerical calculations of the factor of a spherical 
divergence in case of small glancing angles. 

Results of measurements of a terrestrial surface and atmosphere parameters 

Let us compare theoretical results with the experimental data of a session of bistatic 
radiolocation of the Earth. The reception session was carried out just before and during the 
"MIR" station entering a radioshadow zone of the Earth. The reflected radiowaves were 
received by a GEO satellite, on the wavelength X= 32 cm. The reflected and direct signals in 
an analog form were relayed by a GEO satellite to a ground reception post. After registration 
of signals on an analog magnetic tape the duplication of signals in a digital form and 
processing with use of the trajectory data "MIR" station were made. The form and density of 
the Doppler spectrum of a reflected signal, and also its a position towards a direct signal, 
depending on the difference of frequencies AF(t), were found then. The reflection coefficient 
rf(t) was calculated from measurements of the power reflected Wo and direct Wp signals. 
Position of point D of an echo reflection the cases of atmosphere and no-atmosphere 
conditions and also the reflection coefficients r,]{t) and n\{t) were calculated from the 

trajectory data and radiophysical model of refraction in the Earth atmosphere. The results of 
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measurements of the reflection coefficient rf(t), were compared to theoretical estimations 
and are shown in fig. 4. In fig. 4 is the axes of experimental data of a reflection coefficient, 
the X-axes is for the time from the beginning of a session in seconds. Curve 6 is 
experimental, curves 1-3 illustrate the results of numerical calculations of the reflection 
coefficient for the case of atmosphere conditions. Curve 5 approximates experimental curve 
6 for the period before entering the shadow. Curve 4 illustrates dependence of the reflection 
coefficient on time in case of no-atmosphere conditions. Curves 1,2,3,4 were computed for 
the following values of ocean v/ater conductivity o= 2,7; 4,0; 7,0 mo/m respectively. The 
value of the real part of a capacitivity was accepted to equal 79 in correspondence with 8. 
Curves 1-3 shoe the case of N0 = 320 and ßt = 0,1265 Ian. The said values of N0 and fi 
coincide with the standard refraction index profile in the Earth atmosphere7. 

The moment of entry in radioshadow corresponds to the crossing of intersection curve 4 with 
the X-axes. Experimental values of the reflection coefficient achieve their maximum 
amplitudes in the zone of radioshadow, having essential variations. Outside the indicated zone 
the average level of the reflection coefficient h(t), measured in experiment, coincides with 
curve 5. From a comparison of curve 5 with curves 1-3 it is possible to estimate the integrated 
absorption of the atmosphere within the range of measurements is4,8±l,2 dB. For the length 
of a radiowave path in the Earth atmosphere of 500 km, it corresponds to the average value of 
the absorption coefficient yk~0,0096 + 0,0024 dB/km. This value coincides will with the results 
of measurements of the absorption in atmospheric oxygen conducted under a radio occultation 
technique, and also with the theoretical and experimental data submitted in '. Visible variations 
of rf(t) outside the radioshadow zone can be caused by influence of both instruments, and a 
heterogeneity of an ocean surface (irregular distribution of a undulation, variations of 
conductivity) and lower atmosphere of the Earth. 

100.00 200.00 

Fig. 4. 

t,s 

Comparison of theoretical computation to experimental dependence 
of a reflection coefficient rf from time 

Thus, the submitted radiophysical model coincide satisfactorily with the experimental data 
obtained close to a zone of radioshadow. The sensible deviations from the described model 
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occured in the experiment in the zone of radioshadow, can be caused by effects of 
atmosphere waveguide, heterogeneity of atmosphere, and other anomalies. 

Conclusion 

Results of the carried out analysis confirm the feasibility of a radioholographic method 
application in radiolocation. Radioholographic devices being included in a perspective 
international space system of the Earth remote sensing will allow to solve a lot of social 
and ecological problems: 

• global all-weather ecological monitoring of the land and ocean surfaces via systematic 
measurement of bistatic reflection characteristics of radio waves, determination of 
their regional, seasonal, annual variations, and also their frequency dependencies; 

• refinement and development of techniques for the all-weather monitoring of a surface 
ecology by means of radioimagery of selected regions of the Earth; 

• global monitoring of the Earth atmosphere, including ozonosphere; 

• observation of spatial and temporal behavior of the atmosphere and its seasonal 
variations; 

• selection of symptoms of the changes in the atmosphere condition which are important 
for ecology; 

• study of volcanic and man activity influence upon the atmosphere; 

• systematic monitoring of anomalous formations in the atmosphere (cyclones, 
typhoons, dusty, storms and etc.) by measurement of parameters of the radio waves, 
passing through the atmosphere under small glancing angles close to a radioshadow 
zone. 
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MajioraÖapHTHae cnycicaeiviai« Kancyjia - paanoJOHA AJIH onepaTHBHoro 
lOHßHpOBatlHH üpHpOßHblX H TeXHOreHHblX K8TaCTpO(J) B JIH)6OM pafioHe 3eMHOrO 

uiapa 

B.H. JlyKbameHKO, FT. PanicyHOB, F. A. UbiöyjibCKHH 
HHHHMaui 

141070, r. KopojieB, MoCKOBCicaa o6n. yn, ÜHOHepcicaa, 4 
<l>aKC (095) 513 4393, (095) 513 5420 

r.r. CbiTbiH 
rPU,«KB HM. aKaaeMHKaB.n. Maiceeßa» 

456300, r. Mnacc, HejiaÖHHCKOH O6JI., TyproaKCKoe mocce, 1. 
<I>aKC 351-35/5-22-91 

A6cTpaKT 

npeACTaßjieHa KOHnemiHa Majiora6apHTHOH cnycKaeMofi icancyjibi - paÄH030Hfla, 
npe^Ha3HaMaeMOH fttia onepaTHBHoro KOHTaKTHoro 30HflHpoßaHHa 30H onacHbix 
HBjieHHH B aTMoc4)epe npnpoAHoro H TexHoreHHoro xapaKTepa. OTjiHHHxejibHbiMH 
OGOÖeHHOCTHMH     3TOH      KanCyjIbl     HBJIHKDTCH      FJlOÖaJIbHpCTb     fleHCTBHK     3a      CHeT 
Hcnojib30&aHHJi paK€THwx cpeACTB flocTaBKH H onepaTHBHocTb nepe^aHH pe3yjibTaroB 
H3MepeHHH B IJeHTpbi c6opa H oöpaöoTKH aaHHbix, pacnojioaceHHbie B JHOöOM paftoHe 
3eMHoro uiapa, c nOMombio KOCMMHCCKOH cHcreMbi noflBHHCHon nepcoHajibHofi CBa3H. 

BgeaeHHe 

B nocjieAHee BpeMa B MHpe cymecTBeHHO B03pocjio KOJIHHCCTBO onacHbix 
npHpo^Hbix aßjieHHH H TexHoreHHbix KaTacTpo4>, OT KOTopwx eaceroflHO rHÖHyr COTHH 

TbiCHH nejiOBeK, a 3KOHOMHHCCKHH ymep6 coCraBjiaeT COTHH Mjipß. flOJUiapoB. 
CymecTByiomHe cpeßCTBa ßHCTaHUHOHHoro 30HÄHp0BaHHa 3eMjiH ne no3BOJiaioT 

onepaxHBHO H Ha TpeöyeMOM ypoBHe pemaTb 3aAaHH HCCJieflOBaHHa npeflynpe>KfleHHa, 
Kompojia H onepaTHBHoro nporH03a TaKHx aßjieHHH KaK TporraneCKHe HHKJIOHM (TU,), 
jiOKajibHoe pa3pymeHHe 030HOBoro onoa, ^ajibHHH nepeHOC 3arpa3HeHHH B 

aTMOC(J)epe, KpynHbie aBapHH Ha A3C, aTOMHbix cyaax H XHMHHCCKHX npeflnpnaTHax, 
H3BepaceHHa ByjixaHOB. fljia sawn HccjieflOBaHH«, Kompojia H nporH03a pa3BHTHa 
3THX HBjieHHii Heo6xo«HMo H3MepHTb c BbicoKHM npocTpaHCTBeHHbiM pa3pemeHHeM 
MeTeonapaMerpbi aTMOc^epbi (TeMnepaTypa, aaBjieHHe H BjiaacHOCTb B03flyxa, 
HanpaßjieHHe    H    CKopocTb    Berpa),    paflHoaKfHBHoerb    H30TOHOB,    cocTaß    H 

KOHHeHTpaHHK)      a3p030JICH,      KOHHeHTpaHHK)      MaJIbDt      ra30BbIX      COCTaBJlfllOtUHX 
aTMOC4)epbI, KOHHeHTpaüHK) OSOHa. 

CymecTByiomHe KOHTaicrHbie Me-ro^bi H cpe^CTBa MOHHTopnHra oicpyacaiomeH 
cpe^bi (caMOJierbi-MeTeojia6opaTopHH, «HCTaHHHOHHo-nHjioTHpyeMbie jieTaTejibHwe 
annapaTbi SKOJiornnecKoro KOHTpojia, cyaa noroflw, Ha3eMHbie CTaHHHH KOHTpojia 3a 
3KOjiorHHecKOH H paflHaHHOHHOH o6craHOBKOH) o6ecneHHBaiOT Tpe6yeMyK> TOHHOCTB 

H3MepeHHfl, HO HMeioT orpaHHMeHHHH paflHyc ^eiiCTBHa, HeöojibruyK) onepaTHBHOCTb 
nojiyneHHa H o6pa6oTKH aaHHbix, JIH6O CBa3aHbi c onacHocTbio nm JHOäCH, 

npOBOflamnx H3MepeHHfl. 
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B pa6oTaxw noKimHO, HTO AJI» 3<|><i)eKTHBHoro pemeHHa 3aAan rayHeHHa, 
nporH03HpoßaHHH H KOHTpojwi TaKHx onacHbix npnpoAHbix HBjieHHH, KaK TU; H 

030HOBbie aHOMaJiHH H onepaTHBHoro Kompojia KpynHOMacnrraGHbix 
BbiineyKa3aHHbix TexHOreHHbix KaracTpo^ B AonojmeHHe K cymecTByiomHM 
cpeflCTBaM uejiecoo6pa3HO Hcnoab30BaTb paKerHO-KOCMiwecKHe KOMnjieKCw (PKK), 
ocHameHHbie Majiora6apHTHfaiMH CK c cooTBeTCTByiomHMH pa«H030HflaMH j\m 
npoBefleHHH onepaTHBHbix KOHTaKTHbix H3MepeHHH BepTHKajibHwx npo4)Hjiefl 
MeTeonapaMerpOB   aTMOC^epw   H   napaMeTpoB   oKpyxaiomefi   cpeAbi   B   30Hax 
Hpe3BWHaHHbIX      CHTyaUHH      H      KOHHeHTpaUHH      030Ha      BO      BCeM     oGteMe     3THX 
KpynHOMacinTaÖHbix aBJieHHH. 

U,ejib HacToamefi pa6oTw 3aKjnoHaeTca B onpeAeaeHHH pauHOHajibHoro 

TexHHHecKoro o6;iHKa H cxeMbi ^yHK«HOHHP0BaHHa CK B cocTaBe paiceTHO- 
KOCMHnecKoro KOMnjieKca (PKK) asm oneparaBHoro KOHTaKTHoro 30HAHpoBaHHa 

(OK3) m. 

3aaaiH HccneaoBaHHH Til MCTQüOM KOHTaKTHoro 30HflHpoBaHHH 

TexHHHecKHH O6JIHK CK 3asHCHT OT 3aAan, peiuaeMbix PKK OK3 TU,. TU, 
(rmfyyubi, yparaHbi, cMepnn) QTHOCHTC» K nmny Hanöojiee pa3pyuiHtejibHbix 
peryjiapHO noBTOpaiomHxcs aBJieHHH. EaceroAHO OT TponnnecKHX UHKJIOHOB (TU) B 

MHpe rHÖHeT COTHH jnoAeö, a ymep6 cocraBJiaeT 25-30 MJipA. AOJIJI. CIIIA . Ymep6, 
HaHOCHMHH TaH4)yHaMM PoccHHCKOMy ßajibHetoy BocTOKy H fynory, oueHHBaeTca 

COTH8MH MJIH. AOJUI. B IX) A- 
B Hacroamee BpeMa, necMOTpa Ha 6ojibinoH o6teM npöBeAeHHbix TeoperaHecKHx 

H 3KcnepHMeHTajibHbix HccjieAOBaHHH, Bee eme OTcyTCTByeT noHHMaHHe 
4>H3HHecKHX npoueccOB, npoHCXOAainHx B TU,, HeoöxoAHMoe KaK Aaa TOHHoro 
nporacwa ero nepeMemeHHa, TaK H «jia pa3pa6oTKH KOHuenuHH ero HCKyccTBeHHoro 

ocjiaÖJieHna. 
PemeHHe STOH npo6jieMbi HeB03MoacHO 6e3 nojiyneHHa ÄerajibHOH HH<|>opMauHH 06 

aTMOc4>epHbix napaMerpax (TeMneparypa, BjiaaoiocTb, AaßjieuHe, CKopoerb Berpa) no 
BCeiwy KpynHOMaciiiTaÖHOMy oSteMy royraeMoro aBJieHHa («jia TU,: BbicoTa - OT 0 AO 

25 KM, AHaMeTp -AO 500 KM) npaKranecKH oAHOBpeMeHHO (3a BpeMa nopaAKa 1 naca) 
BO Bcex TOHKax H3MepeHHa, noKa CTpyKiypy Tafi^yHa MOJKHO CHHTaTb CTauHOHapHOH. 

B HacToamee BpeMa win sc^eKTHBHoro pemeHHa npoÖJieMbi TU, CHHTaerca 

HeoöxoAHMbiM BbinojiHeHHe caeAyioiAHx 3aAaH : 
1. MaccHpoBaHHbie H3MepeHHa napaMeTpos aTM0c4)epbi (BeTep, leMneparypa, 

BJiaxcHOCTb, AaBJieHHe) B HHAHBHAyajibHbix TU, na pasHbix craAHax HX pa3BHTHa, 
Heo6xoAHMoe Aaa 6ojiee nojiHoro noHHMaHna 4>H3HHeCKHX npoueccoB, 
onpeACJiaiomHx cTpyKTypy H SHepreraKy KaacAoft craAHH H H3MeHeHHa CTpyKfypw H 

3HepreTHKH npn nepexoAe OT OAHOH CTaAHH K Apyrofi. 
XapaKTepHoe paccToaHHe MeacAy soHAHpyeMbiMH BepTHKajibHbiMH pa3pe3aMH 

aTMOc4)epbi Aoa>KHO cocTasaaTb 20-30 KM B6JIH3H ueHTpa UHpKyaai(HH TU, H MWKCT 

6biTb BABoe 6ojibuie Ha paccToaHHax 150-200 KM OT neHTpa. 
fl,Hana30H H3MepHTejibHoro pejKHMa paAH030HAOB OT 20-18 KM AO npBepxnocTH 

3eMJiH. 
^HCJIO 30HAHpyeMbix BepTHKajibHwx pa3pe30B - AO 40. 
npneMjieMO, ecjra 3OHA nonaAaeT B Kpyr paAHycoM 5 KM c neHTpoM B pac^eTHOH: 

TOHKC 
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3anycKH paAH030HA0B jKejiaxejibHO npoBOAHXb B xeneHHe  5-7  cyroK 1 - pa3  B 

CyTKH, 
2. H3MepeHHH iiapaMexpos oKpyacaiomeA TU, aTMOCtpepw, B nepßyio onepeAb 

Bcriymero noTOKa, AM onepaxHBHOro nporH03a nepeMemerina TU,. 5KejiaxejibH0, 
HTo6bi 3TH H3MepeHHa npoBOAHJiHCb BOKpyr TLJ, B HHTepBajie a3HMyTajibHbix yraoB OT 

245 so 25 rpa^ycoB Ha paccxoaHHax 500 - 900 KM OT qetnpa TU, JIHSO B 

npHMoyroJibHOH oÖJiacxH 400 x 1800 KM. 

IIo CoBpeMeHHHM ripeACTaBJieHHHM STH H3MepeHHH no3BOJMT öojiee TOHHO 

cnporH03HpoßaTb Bepoaxnocxb noBopoxa TpaeKxopHH TU, H paccnnxaxb BpeMa H 

KoopflHHaxbi XOHKH noBopoxa. 
Oömee KOJTHHCCXBO 30HAOB - AO 30 mx. ^onycxHMoe oxicjiOHeHHe 30HAa ox 

pacnexHOH XOHKH B MOMCHT Hanajia ero paöoxbi - AO 20 KM. 

HecjieAOBaHHH, npoBefleHHbie B UHHHMAIII3"4, noKa3ajiH, HXO AJIH peuieHH« 
yKa3aHHbix 3aAan Moryx 6wxb Hcnojib30BaHbi MOAH^WHHpoBaHHbie paKexHbie 
KOMnjieKCbi (PK) Ha3eMHoro, Mopcicoro H B03AymHoro 6a3HpoßaHHH c paKexaMH 
"POKOX", "Cxapx-1", "BojiHa", "fflxnj(b-l", "EypjiaK". 

CpaBHHXejIbHblH aHajIH3 3XHX KOMnJieKCOB nOKa3aJI, HXO B MHHHMaJIbHbie CpOKH c 
npaeMjieMbiMH 3axpaxaMH KOMimeKC AJIH onepaxHBHoro KOHxaKXHoro 30HAHpoBaHHH 
TU, Moacex 6bixb co3aaH Ha 6a3e PH "Bojma" (BPI1JISSN-18). 

CocTaB H cxeMa npmvteHeHHH PKK "BojiHa-TH" 

CocTas PKK 

PKK "BojiHa-TU" COCXOHX H3: 
• AByxcxyneHHaxoro paicexnoro ycKopHTena ö&ruiHCXHHecKOH paKexw (BP) SSN-18; 
• MOAyjiH KOHxaKXHoro 30HAHpoßaHHH (MK3) Ha 6a3e cxyneHH pa3BeAeHHK BP; 
• xexHHnecKoro H cxapxoBoro (noABOAHaa jiOAKa) KOMnJieKCOB; 
• HH(|)opMamHOHHo-ynpaBjuuomeü noACHCxeMw PKK. 
JJjm o6ecneHCHHH paöoxw PKK npHBjieKaioxcK cjieAyioiAHe cymecxByiomHe H 

pa3pa6axbiBaeMbie MexeopoJiorHnecKHe H HH<popMauHOHHbie CHcxeMbi: 
• anoHCKaa MexeopojiorHnecKaa cwcxeMa GMS; 
• aMepHKaHCKaa reocxauHOHapHaa MexeocHcxeMa GOES; 
• HH3KOOp6HXajIbHbie    CnyXHHKOBbie    CHCXeMbI    AHCXaHIJHOHHOrO    30HAHpOBaHHH 

3eMjiH "Mexeop", NOAA, "Pecypc-O", "OKeaH"; 
• CHCxeMa rjio6ajibHOH cnyxHHKOBofi CBH3H (xnna "HpHAHyM"), 
• nio6a.JibHaa cncxeMa xejiecBH3H BceMHpHofi MexeopojionwecKofi opraHH3auHH; 
• GPS Navstar, Glonass. 
Ha pHc.l   npeACxaBjiena  cxeMa npoBeAeHHH THHOBOH  onepaqHH  KOHxaKTHoro 

30HAHpOBaHHH TU,. 
HH<|)opMauHa o 3apoacAeHHH H pasBHXHH TU nojiynaeMaa ox MexeopojioraqecKHx H 

HH<f)opMauHOHHbix cHexeM nocxynaex B 06HHHCKHH onepaxHBHbifi ueHxp npHeMa 
MexeoHH^opMaHHH, rAe onpeAejiaexca uejiecoo6pa3Hocxb npoBeAeHH» nycKOB paKex H 

onpeAejiaioxca KoopAHHaxw XOHCK npHue/MBaHHa cnycKaeMbix Kancyji Ha 
nporao3HpyeMbiH MOMCHX BpeMeHH HX AOCxaBKH B oöjiacxb TU,, TLpa npHHaxHH 
pemeHHK 06 Hcnojib30BaHHH PKK neooxoAHMaa HHcpopManHa RJIH o6ecneneHHa ero 
paöoxbi nepeAaexcfl JIHöO HenocpeACXBeHHO Ha cxapxoBbii* KOMnjieKC - noABOAHyio 
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jiOAKy no 3aAaHHOMy npoTOtcojiy, JIHöO no KaHajiaM, npeAOCTaBjiaeiubiM BCAOMCTBaMH, 
ocymecTBJiaioinHMH HenocpeßCTBeHHbrä nycK paKeT-HOCHTejiefi. Ilocjie HCOOXQAHMOH 

noflroTOBKH npoH3BOflHTCa nycK H no;ieT PH no 3aAaHHOH nporpaMMe p pafloH TU;. 

Cxeiwa 4»yHKUHOHHpoBaHHH PKK "Bo-ima-TU," 

1 .Ha6jiK>AeHHe 3a TU, H nepeAana ero KoopAHHaT Ha ILJI. 
2.3anycK pakerw co cnycKaeMMMH KahcyjiaMH (CK). 
3Pa3BeAeHHe CK no 3aAaHHOMy 3aKOHy B 30HAHpyeMofi oöjiac-ra Til, 
4.0rAejieHne paAH030HAOB OT CK n cnycK nx Ha napannoTax c H=25-20KM. 

5.H3MepeHHe paAnosoHAaiviH napaivieTpoö aTMOc4>epbi H nepeAana HX Ha 
Ha3eMHbie nyHKTbi npneivia (nepe3 cnyTHHKH CBJBH). 

PHC. 1. 

npH BfaixoAe B pacneTHyio 30Hy ocymecTBjmeTC» pa3BeAeHHe cnycicaeMbix Kancyji c 
paAH030HAaMH no 3aAaHHOMy 3aK0Hy B 30HAHpyeMOH o6jiacTH TIJ. Ilocjie 
AOCTHaceHHH KancyjiaMH BWCOT 25 - 20 KM peajiH3yeTCH OTAejieHHe OT HHX 

paAH030HAOB, KOTopwe npoAOAacaiox cnycK Ha napannoTax B cpeAe TLJ. Bo Bpena 
cnycica paAH030HAaMH npon3BOAHTca 3aMep napaMerpoB aTMOC<J>epbi n nepeAana 
COOTBeTCTByiOIAeH     HH<f)OpMaUHH     Mep63     HH3KOOpÖHTajIbHbIH     CnyTHHK     CBH3H     B 
06HHHCKHH onepaTHBHbifi neHTp. 

CnvcKaeiwa« KancvJia 

KjnoneBbiM ajieMeHTOM PKK »Bjiaerca CK c paAH030HAOM. 
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MereopojiorHHecKHH paAH030HA (P3) npeAHa3HaneH «jia H3MepeHH« BepTHKajibHbix 
npo4)HJieft   TeMnepaTypu,    AaßjieHH»    H    OTHocHTejibHofi    BJiaacHocra    B03Ayxa, 
rOpH30HTanbHOH H BepTHKajIbHOH COCTaBJIHK)lHHX CKOpOCTH BCTpa H nepe^aHH AaHHWX 
Ha   Ha3eMHbie   nymera   npneMa   HH^opMauHH   c   Kcnojib30BaHHeM   cnyTOHKOB- 
peTpaHCJMTOpOB. 

B KaiecTBe npoToninoB McreopojiorHHecKoro paAH030HAa PKK OK3 
Hcnojib30BaHbi cöpacbiBaeMbie caMOJierHbie MeTeo30HAM pa3pa6oTKH HIIO "Tafi^yH" 
- «JIH aBHau(HOHHoro KOMn.neKca "BepfHicajib"8 H <})HHCKOH (|)HpMbi Vaisala7. 
XapaicTepncxHKH STHX 30HAOB npeACTaB.neHbi B Ta6jiHue 1. 

Mereo30Hfl (JMHCKOH cjmpMbi Vaisala npeAHa3HaneH äJIH cöpoca c BbicoTHoro 
caMOJiera H nepeAann Ha 6opr STOTO caMOJiera MereopojiorHHecKOH HH<j>opMauHH c 
KOOpflHHaTHO-MeTpHHeCKOH H BpeMeHHOH   npHBH3KOH nOJIO>KeHHa 30H,a;a c nOMOmbK) 
KocMHHecKofi HaBHrauHoHHOH CHCTeMbi "HascTap". 3OHA nocTpoeH na coBpeMeHHofi 
3JieMeHTHOH 6a3e H HMeer cymecTBeHHO jiyHinne Maccora6apHTHbie H TOHHOcrabie 
xapaKTepHCTHKH, HCMP3 OTenecTBeHHofi pa3pa6oTKH (CM. TaOJinny 1). 

JJjix co3AaHHH nojiHOCTbK) aBTOHOMHofi CHCTeMbi c6opa H nepeAann 
MeTeoHH<|)opMaHHH   c   P3   KOMnjieicca   "Boima-TH,"   paccMOTpeHa   B03M03KHocTb 
OCHameHHH   3THX   paAH030H£OB    TepMHHaJiaMH    HH3KOOp6HTaJIbHbIX    CHCTCM    CBA3H 
"HpHAHyM", Tjiooacrap", Tonen". H3 nepeHHoneHHbix CHCTCM npeAnoHTHrenbHa 
"HpHAHyM", o6ecneMHBaioiAaH nepeAany HH<|)opMauHH B peanbHOM MacuiTaöe 
BpeMeHH B JIK)6OM panoHe seMHoro mapa. 

B cocTaß rjioGajibHoro MeTeopojiorHHecKoro paAH030HAa BXOA»T: 

• H3MepHTejibHbie AaTHHKH MeTeonapaMeTpoB, HSMepaiomne TeMneparypy, 
sjiaacHOCTb, AaBjieHHe B03Ayxa H codaBjraiomHe CKOPOCTH Berpa; 

• AaTHHK H3MepHK>mHH napaMCTpbl ABH>KeHHK P3  B aTMOC<})epe no CnyTHHKOBHM 
paAHOHaBHraHHOHHbiM CHcreMaM GPS/TJIOHACC (MHoroKaHajibHbrä npHÖMHHK 
curaajiOB GPS/TJIOHACC); 

• KOHTpOJIJiep      C      MHKponpOHeCCOpOM      H      3anOMHHaiOIAHM      yCTpOHCTBOM, 
ynpaBjiaioiAHH pa6oTofi AarnHKOB H o6ecneHHBaioiAHH o6pa6oTKy cHrHajiOB 
AaTHHKOB, 3anoMHHaHHe H3MepeHHofi HH^opMamiH H ynpaßjieHHe ee nepeAanen no 
KaHajiaM CBJBH; 

•TepMHHaji cnyTHHKOBOH CBa3H THna ToHeq" ra rana "HpHAHyM" AJM 

HenocpeACTBeHHofi nepeAann HH^opManHH c P3 noTpeÖHTejiaM no cnyraHKOBbiM 
KaHajiaM CBH3H; 

• aHTeHHbie CHCTCMM AaTHHKa-npHÖMHHKa GPS/TjiOHacc H TepMHHana CBS3H ranoB 
ToHen, "HpHAHyM"; 

• 6JIOK nHTaHHa, o6ecneHHBaiomHH sjieicrponHTaHHe BCCX CHCTCM P3 B TeneHHe 
BpeMCHH cnycKa B aTMoc^epe, Ha OCHOBC jiHTneBbix öarapeii; 

• napamioTHaH cncTeMa, o6ecneMHBaK)maa cHHaceHne P3 c 3aAaHH0H cKopocTbio BO 

BceM AHana30He BMCOT npoBeACHHH H3MepeHHH P3, 
• Kopnyc P3 AJIH pa3MemeHHa ero cocTaBHbix nacreo. 
npeABapHTejibHaa npopa6otKa TexHH^ecKoro o6jiHKa nioöajibHoro P3 PKK 

"BojiHa-TH" noKa3ana, *rro npn HcnojibsoBaHHH TepMHHajiOB CHCTeMbi "HpHAHyM" OH 

MOXCT 6biTb co3AaH c xapaKTepHCTHKaMH, npHBeAeHHbiMH B TaöJiHue 1. 
CnycKaeMaa Kancyjia npeAHa3HaneHa AJM AOCTaBKH paAH030HAOB B Tonicy 

aTMOc4)epw c 3aAaHHbiMH KoopAHHaTaMH H o6ecneHeHHa ycjiOBHH ero 
4>yHKHHOHHpOBaHHa Ha Bcex STanax nojieTa B cocraBe CK (TeMnepaTypa, ypoBCHb 
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neperpyaoK   H   pp.),   a   raioKe   ycjiOBHH   Ha   MOMCHT       Hanajia   aBTOHOMHoro 

(JjyHKqHOHHpOBaHHH paflH030HAa. 
AJIH flotTaBKH P3 B saflaHHbie 06jiacTH TU, MoryT 6biTb HcnojibsoBaHbi CK 

6ajuiHCTHHecKoro H njiaHHpytomero THIIOB. 
TaöJiHua 1. 

OcHOBHbie xapaKTepHCTHKH caiwojieTHbix iweTeopoJiorHHecKHx paflno30HAOB H 

 rjio6ajibHoro paflH03QHfla PKK "BojiHa-TD," 

m 

9 

10 

11 

OCHOBHbie XapaKTepHCTHKH 

P3 
HHO 

"TaH(pyHH 

7 

12 

13 

MaKCHMajibHan BbicoTa cöpoca, KM 

BBOfl ocHOBHoro napauiiOTa P3 Ha BwcoTe, KM 

B03MO>KHOCTb HCnOJIb30BaHHH KaK B6J!H3H 

nojiiocoB, Tax H B TponHKax 

MaKCHMajibHaa cKopocrrb 
npn 3afleficTBOBaHHH, M/C 

BpeMH CHHJKeHHH 30H#a, MHH 

C BblCOTbl 24 KM 
C BblGOTbl 14 KM 

C BblCOTbl    8 KM 
CpoK xpaHeHH« 30HAa 6e3 nepeKajiH6pOBKH 

riepHOflHHHOCTb onpoca MereoflaTHMKOB, c 

Macca 30Hfla, Kr 

Pa3Mepw 30Hfla (UHJIHHäP) 

ÄHaMerp, CM 

BblCOTa, CM 
,3,ajibHOCTb npneMa TejieMeTpHHecKofi 

HHtpOpMaUHH, KM 

PaflHonepeflaTHHK TejieMeo-pHH 
(TepMHHaJl CHCTeMbI "HpHflHyM") 

nacTOTa, MTu 

MOHJHOCTb, BT 
3,Hana30H H3MepaeMbix napaMCTpOB: 

- TeMnepaTypa B03«yxa,° C 

- OTHOCHTejibHaa BJiaamocTb Bos^yxa B % 

- cocTaBjiaHDmaa CKOpocTH Berpa, M/C 

- aTMOC<pepHoro paBjiemm ,rlla 

ToHHOCTb onpeAejieHHa MecTonojio^ceHHa 

P3,M 
HaAe»CHOCTb   

HncjieHHwe 3HaMejHHH 

12 

P3 
KD93 
GPSi0 

rjio6ajib- 

Hbiii P3 c 

TepMHHa- 

JIOM 

CHCTeMbI 
'HpHflHyM1' 

150 

30 

3 
2,5 

12,3 
36,5 

150 

400 
1 

(-50...+40) 
±0,5 

(40...95) 
±5-20 

24 

m 

200 

21 
16 

>3 jrer 

0,5 
0,4 

6,98 
40,6 

325 

400 
0,1 

(-90...+40) 
±0,2 

(0...100) 
±2-5 

(0...150)±2(0...150)±5 

(1050... ioo; 
±5 

(1060...20) 
±0,5 

0,96 

15-23 

fla 

200 

21 
16 

>3 JTCT 

0,5 
2,5-3,5 

14 
30 

raooajibHaa 

1600 
0,6 

(-90...+40) 
±0,2 

(0...100) 
±2-5 

(0...150)±5 

(1060...20) 
±0,5 

±30 

B.JIyKbameHKO 



IIpeHMymecTBa CK 6aji.jiHCTHHecKoro THna B  npocTOTe ee peajiH3auHH  H  B 

MeHbllieH   CTOHMOCTH   pa3pa60TKH   H   CepHHHOrO    H3rOTOBJieHHH.    HeAOCTaTOK   -    B 
Heo6xoflHMOcTH cneunajibHOH CHCTCMM pa3BeAeHHA 3THX Kancyji B 3aAaHHofi oöjiacra 
npocTpaHCTBa, KOTopaa BCCHT B HecKOJibKO pa3 öojibiue cnycKaeMOH Kancyjibi. 

IljiaHHpyiomaa Kancyrca (ITK) oBjiaAaer aapOAHHaMHHecKHM KanecTBOM H 

Hcnojib3yer HOByio TexHOJiorroo rnnep3ByKOBoro njiannpyiomero nojieTa B 

aTMOc4)epe,   no3BOjraiomyio   ocymecTBjuiTb   npocrpaHCTBeHHbiH   MaHeBp   3a   cner 
aapOAHHaMHqeCKHX CHJI C CymeCTBeHHO MeHbUIHMH MaCCOBblMH 3aTpaTaMH3. 

B HacTonmeH paöoTe npeacTaBjieHbi pe3yjibTaTbi npopa6oTOK CK öajuiHcxHHecKoro 
™na, BbinojiHeHHbix KB "Cajnox" H TPIj; "KB HM. aKaAeMmca B II. MaKeeBa". 

KoHCTpyKTHBHO-KOMnorioBOHHaa cxeMa n ocHOBHbie xapaKTepHCTMKH cnycKaeMbix 
Kancyji 6ajijiHCTHHecKoro -rana npeACTaBjieHbi Ha pHcymsax 2-3 H B Ta6jiHuax 2-3. 

«DyHKiwoHHpoBaHHe cnycKaeMOH Kancyjibi KB "CajnoT" BbinojiHaeTca no 
cjieflyioineH cxeMe: 

riocjie BxoAa B njiorabie CJIOH aTM0C(J)epbi CK aspoAHHaMnnecKH 
CTa6HjiH3HpyeTCH, 3areM ocymecTBjiserca pacKpbroie acecTKoro TopM03Horo 
ycTpoficTBa H rameHHe CKopoc™ AO BCJIKHMHW AonycTHMofi AJIH 3aAeficTBOBäHHH 
TopM03Horo    napaimoTa    napamiOTHOH CHCTCMW ( 650 M/C ).  Ilocjie raineHna 
CKOpOCTH  AO   BejIHHHHbl   200   M/C   OCymeCTBJMeTCH      BBeAeHHe   B   nOTOK   OCHOBHOrO 
napauiioTa,    OTAejieHne xynojia TopM03Horo napamioTa n c6poc Tenjio3amHTHofi 
060J10HKH cnycKaeMOH Kancyjibi. PaAH030HA HannHaeT <|)yHKu,HOHHpoBaTb c BHCOTW H 
= 20 KM. 

CHCTGMa aBT0M3THKH C SflOKOM nmaHMR OrcTpenMBaeMaR KpbiuiKa 

PMC. 2. KoHCTpyKTMBHo-KOMnoHOBOHHafl cxeiwa CK KB "Cantor" 

KoHCTpyKTHBHO-KOMnoHOBO^fflaa   cxeMa   CK,   pa3pa6oxaHHaji   FPU;   "KB   HM. 

aKaAeiMHKa B.II. MaKeeBa", noKa3aHa na pnc. 3. 

B.JIyKbHmeHKo 



Cnyexa&vtan xancy/iB 
(9 cocmoxHWJ )fcmaHOSKU na paicemy) 

ZOO 

A   (t> pacxphwnuuu muinxaMU) 

Pwc. 3. 

CHJIOBOH Kopnyc CK npeflCTaBjisex H3 ceöa uHjraimp (no3.1), noÄicpenjieHHbiH 
uinaHroyTaMH, BbinojiHeHHbm m ajiioMHHHeBoro cnjiaßa. C HapyjKHofi cropOHbi 
CHJIOBOH Kopnyc 3amnmeH Tenjio3amHTHMM noKpbrraeM Ha KpeMHe3eMHOH ocHOBe 
THna nCT. Ha HapyacHOH nOBepXHOCTH CHJiOBoro kopnyca B XBOCTOBOH Hacra 
Kpecroo6pa3HO BbinojmeHM nerbipe KpOHurreHHa (no3. 2), m KOTopwx 3aicpenjieHbi 
TopM03Hbie IUHTKH (IIO3. 3) HHJiHHflpHHecKoro npo<Jwjifl H3 THTaHOBoro cnjiaßa, 
KOTopwe TaKace 3amHmeHbi aHajiorn'iHbiM Tenjio3amHTHbiM noKpbiTHeM. 

B cocToaHHH ycTaHOBKH na paiceTy (HJIH GTHKOBKH C flBHrarejieM Aopa3roHa) 
IUHTKH npnacaTbi K KOpnycy CK H enmyTbi crajibHOH jieHTOH c y3ji0M (JmKcauHH, B 

cocTaB KOToporo BXOAHT nnponarpoH c BpeivieHHOH 3aflepacKOH äO 15 c. Ysjibi 
KpenjieHHH CK K /mnraTejuo ;iopa3roHa pacnojioaceHbi B HOCOBOH naera Kopnyca CK. 
Jim ysepacaHHa IUHTKOB B pa6oneM nojioaceHHH Meawy KaacflbiM UIHTKOM H KOpnycoM 
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ycfaHOBjieHbi MerajuiHHecKne (3aKpbiTbie Tenjio3amHTOH) CKjiaAHbie ran* (no3. 4) H3 
THTaHa, oflHHM KOHHOM KpeiwmHeca K KOHCojibHoft nacTH mHTKa, a ÄpyrHM K Kopnycy 
CK. 

BHyTpH CHjioBoro KOpnyca (B repMOöTceKe) Ha uinaHroyTax KpenHTca paAH030HA, 
B XBOCTOBOH HacTH CK pacnojiOHceHa KOMaHAHas annapaTypa H HcnojiHHTejibHbie 
3jieMeHTbi Ha 3aAeACTB0BaHHe ycTponcxBa BBOfla B ACHCTBHC BbmDKHoro napamiOTa 
P3. 

Bca annapaTypa H HcnGJiHHTejibHbie 3JieMeHTbi pacnojioaceHbi B oöteivie KPMUIKH 

(no3. 5), 3aKpbiBaK>meH repMooTceK CK k 3aKpenjieHHOH Ha KOpnyce pa3pbiBHbiMH 
Kpene>KHbiMH 3-jieMeHTaMH (nos. 6). 

B paCKpblTOM COCT03HHH IflHTKOB MaKCHMajIbHa» njIOIIjaAb MHflejia CK COCTaBJIHCT 
S = 0,33M

2
. 

KoMaHflHaa annapaTypa CK rtpeAHa3HaneHa AJWT BbmanH Ha pac^eTHofi BbicoTe 
HCnOJIHHTeJIbHOH KOMaHAbI Ha yCTpOHCTBO OTÄejieHHH KpblUIKH, nocpe^cTBOM 
KOTOpOH B B03flyiUHbIH nOTOK BBOAHTCH napaUHOTHasi CHCTeMa pa«H030HAa. 

MoMeHT Bbi^aHH HcnojiHHTejibHOH KOMaHAbi Moacer 6biTb onpeaeneH npn 
Hcnojib30BaHHH 6apOAaTHHKa, TepMopa3orpeBHoro H HHepnnoHHoro AaxHHKOB HJIH 

nporpaMMHO-BpeMeHHoro ycTpoficTBa 3-jieKTpoMexaHHHecKoro THna. KoHKpeTHbifi ran 
npHMeHaeMoro aaTiHica 6y«eT onpeAejieH npH AajibHefimeM npoeierHpoBaHHH. 

KpoMe Toro B KOMaHAHyio annaparypy BXOAHT HCTOHHHK nnraHHa H npn6op, 
4>opMHpyK)iAHH KOMaHAy Ha nnponaTpoH (no3. 7) ycrpoHCTBa OTAejieHHa KpbiuiKH, 
HMeioiHHH ra30Byio CBH3b c HaAAyBaeMbiM oöbeMOM B oÖTropnpyiomeH 
HHjiHHApHHecKOH noBepxHocTK. IVtacca KOMaHAHofi annapaTypbi oneHHBaerca B 1 KT. 

TaSjiHua 2. 
QcHOBHbie XapaKTCpHCTHKH CK 

JVo HwcjieHHwe JHaneHHH 

n/n 
OCHOBHbie XapaKTepHCTHKH 

BapnaHT 1 BapnaHT 2 
KB rpu; "KB 

"CajiiOT"6 MaKeeBa*'5 

1 TaSapHTbi, MM - AJiHHa 520 500 
- AHaMOTp (B CJI05K6HHOM BHAe) 300 240 

2 Macca CK, Kr B TOM nncjie 10 15 
- paAH030HAa(c napamioTHOH CHCTCMOH) 2 2,5...3,5 
- Kopnyca CK (c öarcancHpoM) 5,4 10,5 
- CHCTeMbI aBTOMaTHKH H HCTOHHHKOB nHTaHHH 0,9 1 
- Tenjio3auj[HEieHHOH KPHUIKH 0,5 
- CHCTeMbi cöpoca Kopnyca CK 1,2 

3 YCJIOBHH Ha BXOAe B lXJTOTHbie CJIOH aTMOC(pepbi 
(HBX=100 KM): - yroji BXOAa QBX,° 4-24 24-64 
- CKopocTb BXOAa VBX,M/C 7300 5200-6150 

4 CKOpOCTb CK B MOMeHT BBOAa B nOTOK 

TopM03Horo napauiKDTa P3, M/C OKOJio 650 200 
5 BblCOTa BBOAa B nOTOK TOpM03HOrO 

napamiOTa, KM 23 25 
6 MaKCHMajibHaa neperpysKa npn cnycKe, g 70 100 
7 BaJIJIHCTHHeCKHH K03(p4)HnHeHT, M

2
/KT 0,01-0,015 0,03-0,04 
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Cxewa 4>yHKm*OHHpoBaHm« CK TPIJ "KB HMCHH aKaaeiwHKa B.n. MaiceeBa". 

nocjie oTflejieHHH OT paKexbi (HJIH OT ABnraxena AOpasroHa) nnponaxpoH c 

3a3ep>KKOH cpa6axbißaex, cxaacHaa JieHTa c6pacbiBaexca H ocBo6oKAaex xopMOSHbie 
IAHXKH, KOTopbie noA AencTBHeM npy)KHH (nos. 8) Ha OCH KpenjieHna mHTKa K Kopnycy 
pacKpMBaKmw AO pa6onero nonoxema, o6pasya c KOpnycOM yroji 90 rpaaycoB. 

no AOcraaceHHH BMCOTM H = 25 KM no cnraajiy KOMaHAHOH annapaxypw H 

cpaöaxbiBaHMH HcnoJiHHxejibHbix ajieMenroB saAeficxByexca rtHponaxpoH ycxpoHcxßa 
oTAejieHHH KpbiuiKH. B o&nopnpyiomeM oÖBöMe cosAaexca AaßJiemie paspwßaioinee 

Kpene>KHbie ajieMeHXbi H Kpwraica Bbi6pacbiBaexca B 30Hy aapoAHHaMHnecKoro noxoKa, 
BBOAH   B   AeHCTBHe   BHKDKHOÜ   napainiOT,   3a   KOTOpMM   XpaH3HXOM   BbIXarHBaeXCa 
OCHOBHOH napaunox H paAwosoHA. HeoöxoAHMaa CKopocTb oxcxpejia KpumicH 
o6ecneHHBaexcH noAÖopOM WIHHH oöxiopHpywmero ynacxKa H HaBecKOH 

nnpocpeACXB. 

CHCTCM a pa3BeAeHHH cnycicaeMMx Kancyji 

CncxeMa pasBeAeHHfl npeAHasHaneHa «na o6ecneneHHa pa3ßeAeHHa cnycicaeMMx 
Kancyji c paAH030HAaMH no njiomaAH H3ynaeMoro paftoHa. 3xa njiomaAt 
paccMaxpHBaerca B HJIOCKOCXH MecxHoro ropnsonxa Ha Bbicoxe Hanajia 
4>yHKnHOHHpoBaHHa HSMepnxenbHbix npHÖopoB 20 KM H HMeex «popMy Kpyra 
AHaMexpOM 400 KM HJIH npaMoyroJibHHKa c pa3MepaMH 1800 x 400 KM. 

AHajiH3 pa3JiHHHbix BapnaHxoB cnocoöoB pa3BeA6HHa CK - Hcnojib30BaHHe 
saKpyxKH MK3, nopoxoßoro aKKyMyjiaxopa AaßJieHHa H paKexHbix ABHraxejiefi 
XBepAoro xonjiHBa (PATT) - IKMBOJIHJI CAeJiaxb BHBOA o XOM , HXO HO uejiOMy 
KOMnneKcy noKa3axejieH paUHOHaJibHbiM aßjiaexca Hcnojib30ßaHHe paKexHbix 

ABHraxejiefi XBepAoro xonjiHBa. 
OpraHHsauHHMH KB "Cajnox" H TPI* "KB HM. aKaAeMHKa B.n.MaKeeBa" wejiaHH 

npoeKXHbie npopaöoxKH Aßyx BapnanxoB CK c MapuießOH flY, cocxoameii H3 CBHSKH 

P^TT H OAHoro PATT. 
B BapnaHxe, npewio»eHHOM KB "CajiK>x"6 Ana cooömeHHa CK HCOGXOAHMOH 

xapaKxepHCXHHecKOH cKopocxH Hcnojib30ßaHa CBH3Ka H3 3-x PATT (arperax "72" ) c 

nojiHHM HMnyjibCOM xarn no OCH AßHraxejia OKOAO 300 Kr*c. 
HajiHHHe xpex ABHraxejiefi no3BOJiaex cosAaxb CHMMexpHHHO, cöajiaHCHpoßaHHyio 

no Macce H MOMeHxaM HHepmm cöopHyio KOHCxpyKUHK). Hajranne y A^ oXKjioHeHHbix 
nofl yrJiOM -30 rpaA. conjioßbix ÖJIOKOB no3BOJiaex nepeHecxH xoHKy nepeceneHHa 
BeKxopoB xar ABHraxejieS no npoAOJibHoft OCH cßasKH BnepeA, nepeA neHxpOM Macc 
CBa3KH, HXO oöecneHHBaex ycxoHMHßbiH nojiex csa3KH npn paÖoxe J\Y. 

HeAOcxaxoK axoro Bapnanra - 6ojibiiiHe ra6apnxbi cßa3KH H HaAHHHe BOSMymeHHH, 
CBa3aHHbix c oiüHÖKaMH oxpa6oxKH HMnyjibca KajKAßiM PATT. 5 

B BapnaHxe, npewioateHHOM ITU, "KB HM. aKaAeMHKa B.n.MaKeeßa1' , 
cxa6HJiH3HpoßaHHoe AßnxeHHe CK npH BbiAane KoppeKxnpyiomero HMnyjibca 
HHAHBHAyajibHbiM PATT oöecnenHBaexca 3a cnex ee 3aKpyxKH oxHocHxejibHO 
npoAOJibHOH OCH, HO noaBjxaioxca npo6jieMbi c oöecneneHHeM HaAe>KHOro BBOAa 

napauiioxa y 3aKpyneHHOH CK. 
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Bfaiöop jiymuero H3 paccMOTpeHHbix BapnaHTOB 6y#eT npoH3BeAeH Ha 
nocjieAywinHx axanax npoeKTHpoBaHMH c yneTOM KOJiHHecTBeHHbix oqeHOK 
BwineyKa3aHHbix 4>aKTopoB. 

OcHOBHbie xapaKTepHCTHKH CBH3KH CK H Jjy npeACTaßjieHbi B Ta6jiHu,e 3. 

TaöJiHua 3. 

OCHOBHbie XapaKTepHCTHKH CBH3KH CK H ^Y 

n/n 
OCHOBHbie XapaKTepHCTHKH 

HucjieHHbie 3Ha"ieHHH 

BapnaHT 1 
KB 

"CajnoT"6 

BapnaHT 2 
FPIJ "KB 

MaKeeßa"5 

1 KQjiHMecTBO Kancyji B CBSHKC, IHT. 1 1 
2 KojIHHeCTBO Jjy B CBH3Ke, UIT. 3 1 
3 MaCCa CB33KH, Kr 30 26-27 
4 TaÖapHTbl CBH3KH, MM: 

- aJHJHa 
- nonepeHHbifi pa3Mep 

520 
440 

800 
240 

5 rioJiHbiH HMnyjibc THTW, Krc 900 246 
6 3anac xapaKTepHCTHnecKOH cKopocrH, M/C 90 
7 CpOK C03flaHH3, ro^bi 2 2 

3aKJH0HeHHe 

1. Pa3pa6oTaHa KOHueimHa co3AaHHJi Manora6apHTHbix cnycicaeMbix Kancyji AJIH 

KOHTaKTHoro soHAnpoBaHua oöjiacren npnpoAHbix H TexHoreHHbix Karaerpo«}) B 

JIK)6OM paöoHe 36MHoro inapa. 
2. OrjIHHHTejIbHblMH 0C06eHH0CTflMH CK aBJWIOTQfl: 

• rjio6anbHOCTb AeßcTBHH 3a cner Hcnojib30BaHHH paKeTHbix cpeACTB AOCTasKH 
öojibuioro KOJiHnecTBa MajioraGapHTHbix paAH030HAOB B JIIOÖOH pafioH 3eMHoro iiiapa; 

• B03MO)KHOCTb   OnepajHBHOrO   pa3BeAeHHH   paAH030HAOB   B   npOCTpaHCTBe   AJI» 
npoBeAeHHH OAHOBpeMeHHbix H3MepeHHH Ha njiomaAH B COTHH TWCHH KBaApaTHbix 
KHJIOMeTpOB; 

• BbICOKOTOHHOe KOQpAHHaTOMeTpHpOBaHHe pe3yjIbTaTOB H3MepeHHÄ e nOMOmbK) 
KOCMHHecKHx HaBHraiuroHHbix CHCTeM rjIOHACC, HaBCTap; 

• nepeAana HH<j)opMauHH co Bcex paAH030HAOB B peajibHOM Macnrraöe BpeMeHH B 

uempbi c6opa H oöpaöoTKH, pacnojiaraeMbie B JIK)6OM panoHe 3eMHoro uiapa, c 
nOMOIAbK) KOCMHHeCKOH CHCTÖMbl nOABHXKHOH nepCOHajIbHOH CB33H "HpHAHyM". 

3. UpoeKTHbie npopaÖOTKH CK c MOAHcJmuHpoBaHHbiM paAH030HAOM Tnna RD-93 
GPS Dropwindsonde, noKa3ajiH BO3MO>KHOCTB HX co3AaHHH B TeneHHH 2 jiex co 
cjieAyiomHMH xapaKTepHCTHKaMH: 

MaccaCK, Kr 10-15 

B T.H. Macca paAH030HAa, icr 2,5+3,5 
TaöapHTbi CK AJMHa, MM 500 

AHaMerp, MM 240 
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9. 

10 

JSpamaoH pa6oHHx BHCOT paAH030Hfla 20-0 
BpeM» cnycKa P3 c BMCOTM 24 KM, MHH. 21 
ToHHoefb onpeAejieHHH MecTonojioaceHHa paÄH030HAa, M ±30 
ToHHOCTb H3MepeHHH napaMerpoB aTMoc^epw: 
TeMnepaTypa B03flyxa, rpa/i C (-90.. .+40) ± 0,2 
oTHOCHTejibHaa BjiasKHOCTb, % (0.. .100) ± 2-5 
flaBjieHHe,rna (1060...20)±0,5 
cobTaBJiHiomHe CKopocra Berpa, M/C (0... 15 0) + 0,5 
ITepHOÄHHHOCTb onpoca paAH030Hfla, c 0,5-3 
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IIoaKapoirioflaBjifliomHH KOMIUICKC fljifi 
jiOKajin3auHH H xymeHHH jiecHbix noflcapoB 

TypoB A.H., 3axapoB B.H., JlHÖep30H M.P., MHTHH B.C., 
CMCHOB A.C.,0^HOBOJI JI.A., CHTHHKOB A.H. 

Meac^yHapoflHWH (JJOH^ noneHHTejieii MTTY HM. 

K. 3 .IjHOJIKOBCKOrO 
103167 r. MocKBa, yn. IleTpoBKa, 27 

C KaMc^HM ro^OM aicojiorHHecKaa 6e3onacHOCTb 3eMJin Bbi3biBaeT 

Bee öojTbmyio TpeBory, HecMOTpa Ha npHHHMaeMbie ycHjiHü. OAHHM H3 

OCHOBHBIX HanpaBjieHHH penieHHa SKOJioraraecKoii npoöjieMbi »BjiaeTca 

Ha6jiK>fl;eHHe 3a COCTOHHH6M OKpyacaiomeH cpe^bi c uejibio nojiyneHHa 

flOCTOBepHOH  HH^OpMaUHH  O   COCTOflHHH   ee   napaMCTpOB   H  npHHflTHH 

a^eKBaTHbix penieHHH. 

E^HHaa rocy^apcTBCHHaa CHCTeMa 3KOJiorHHecKoro MOHHTopHHra 

(ErC3M) BKJiiOHaeT  rocy,a,apcTBeHHyio cjiyacöy Haömoflem«! (TCH), 

KOMnOHeHTaMH KOTOpOH ^BJIAIOTCH Ha3eMHoe, aBHaUHOHHOe H KOCMine- 

CKoe HaÖjno^eHHe. B pemeroiH SKOJioraHecKHx 3a^aH TCH npH3BaHa 

OKa3biBaTb HH(J)opMauHOHHyio no/wepaocy ErC3M jjaHHbiMH o COCTOH- 

HHH aÖHOTHHecKHx npoueccoB H H3MeHeHHH napaMeTpoB rrpHpoAHofi 

CpCHbl. 

Bo3MoacHOCTH  paajiHqHbix  cnoco6oB  HaOJno^eHHa  oneBH^Hbi. 

O^HaKO npnopHTeTHoe pa3BHrae KOCMHiecKoro MOHHTopHHra onpe/je- 

J1HQTCÄ He TOJIbKO 3THM.  ITo tfaHHMM ToCKOMSKOJIOrHH B HejIOM CTOH- 

MOCTb ^aHHbix aBHaHHOHHofi cbeMKH 3HawrejibHO npeBbimaeT CTOH- 

MOCTb cnyTHHKOBofi HH(J)opMaHHH (npHMepHO B 10 pa3) . KaqecTBO ace 

nocjie^Hefi He ycrynaex, a B HeKOTOpbix cjiynaax (KOHBepcnpyeMwe 

pa3BeflbiBaTejibHbie cnyraHKH) npeBocxoAHT aBHaHHOHHbie flamme no 

HH(|>OpMaTHBHOCTH, TJIOOaJIbHOCTH H peryjMpHOCTH. 



3KOJiorHHecKaa onacHOCTb H raacenbie nocjieflCTBHJi KpynHOMac- 

uiTaÖHbix jiecHHX noacapoB OHCBHAHBI H He Tpeoyiox flonojiHHTejibHoro 

oöocHOBaHH«. J\o HacToamero BpeMeHH OHH jrejmoTCfl O^HHM H3 Han- 

ÖOJiee HaCTBIX HBJieHHH, HaHOCJHHHX He TOJIBKO OrpOMHbffl 3K0H0MHHe- 

CKHfi ymepö, HO H 3Ha*iHTejibH0 yxy,znnaiOT 3KOJiorHHecKyio oöcTaHOB- 

icy, T.K. conpOBO)K,aaiOTca 6ojitnraMH BbiöpocaMH ca>KH, Konora H ^By- 

OKHCH yrjiepo^a (OT 3 RO 150 MHJTJIHOHOB TOHH B TOR). KpOMe Toro, OHH 

CnOC06CTByK)T 3p03HH nO*IBbI, H3MeHeHHK) JiaHflUia(J>Ta, BbI3bIBaK)T TH- 

6ejib ^HBOTHbix, cHH^aiOT BO^Hbie pecypcbi H T.n. C 1978 no 1981 ro- 

flbi, HanpHMep, B Eßpone eacero^HO B03HHKajio B cpeflHeM 3500 noaca- 

poB, npH KOTOpbix Bbiropajio 666 000 ra Jieca; B CIIIA H KaHaae-161 

300 no>KapOB, KOTOpwe yHHHTO>KHJTH 4 478 000 ra jieca. TojibKO B POC- 

CHH eaKeroflHO peracTpHpyeTca 6ojiee 20 TMCOT jiecHbix no^apOB, B or- 

He KOTopwx noraöaeT He MeHee nonyTopa MHJIJIHOHOB reirrapoB Jieca, 

npHHeM c nepHOflH^HOCTbK) B 6-7 jieT Ha6jiK)jiaeTca pe3Koe B03pacTaHne 

HHcna noarapOB. TaK 3a nepBbie niecTb MecaneB 1997 ro^a Ha TeppHTO- 

PHH POCCHH 3a(J)HKCHpoBaHO 12 910 jiecHbix no^apOB. B nocneflHee ^e- 

caTHjieTHe B CB«3H C pe3KHM yxyflHieHHeM sKOJioranecKOH o6cTaHOBKH 

npoÖJieMa TymeHH* JiecHbix no>KapOB npnoöpejia oco6yio ocTpOTy. 

CymecTByiomHe cnocoöbi 6opb6bi c HHMH BecbMa pa3HOo6pa3Hbi, MHO- 

rae H3 HHX peajiH30BaHbi, HO, K co^ajieHmo, acejiaeMbix pe3yjibTaTOB B 

6opb6e c jiecHbiMH noarapaMH #o CHX nop ÄOÖHTbca He y^aiiocb. 

Cpe^H MHoroHHCJieHHbix CHOCO6OB TyuieHH« JiecHbix noarapoB 

aBHanHOHHbie 3aHHMaiOT ocoöoe MecTO 6jiaro«apa CBoefi onepannmo- 

CTH, MO6HJH>HOCTH, a TaiöKe CHOCOöHOCTH flocTaBJurrb 3HanHTejibHbie 

ipy3bl  (^eCHTKH TOHH)  3a  COTHH  KHJIOMeTpOB   OT  MeCTa  6a3HpOBaHHH. 

3TH   cnoco6bi   H   cooTBeTCTByromne   HM   TexHmecKHe   peniemDi 

nocTOHHHO   coBepHieHCTByiOTca,   oco6eHHO  B   nocjie^Hee   BpeMH   B 



PoccHH, Koryja B 3KOHOMHKC crpaHbi Bee öojibmyio ponb npnoöpeTaeT 

OÖOpOHHblH KOMnJieKC. 

He3aBHCHMO OT npHMeHaeMoro cnocoöa HeoöxoflHMO penniTb 

pafl OÖH1HX 3a^a^I, OCHOBHbie HS KOTOpblX yCJTOBHO M03KHO oSbCUHHHTb 

B cjiejayioinHe Tpn rpymibi, 

1. HH^opMaijHOHHaa. 

2. TpaHcnopTHaa. 

3. 3HepreTHraecKaii. 

IlepBaa rpynna BKJiroHaex 3aflaHH HaömofleHna, oÖHapyaceHHH H 

HAeHTH(|)HKai^HH noiKapa, nepe^anH HH^opMaqHH H npHHHTHH penieHH» 

no Bbiöopy cnocoöa öopböbi c HUM, a, cjie^OBaTejibHo, CHJI cpe^CTB H 

TaKraKH TymeHHH. 

BTOpaa rpynna Henocpe^CTBeHHO CB^3aHa c nepBofi n npeiuiojia- 

raeT Bbi6op cnoco6a ^ocTaBKH orHeTyniamero BenjecTBa CHanaiia B 

panoH no)Kapa, a 3aTeM H B ero sony. 

PenieHHe 3a#an TpeTben rpynnw npezniojiaraeT B HTore Bbiöop 

cnocoöa HJIH cnocoÖOB Henocpe#CTBeHHoro B03^eöcTBHa Ha 30Hy no- 

»capa. 

3aflaHH nepBofi rpynnbi HBJIJHOTCJI oömnivra RJW Bcex cymecr- 

Byiomnx n nepcneKTHBHbix cnocoÖOB Tyineroisr jiecHbix no»capoB H HX 

paccMOTpeHne, BCjieflCTBne öonbuiofi CJIOJKHOCTH H oöböMa, #OJDKHO 

CTaTb npe^MeTOM ocoöoro aHajiH3a. 

B nocneAHHe #Ba flecjrrajieTHfl jiecooxpaHHbie cjiyacöbi MHornx 

CTpaH npoÄBjnnoT noBbinieHHbrä HHTepec K pa3BHTjno aBHannoHHbix 

cnoco6oB TynieHHa jiecnbix noacapoB. 

IIpHMeHJieMbiH B HacToarqee BpeM» aBnanHOHHbin cnoco6 npe#- 

nojiaraeT ßocraBicy cocTaBa, qanje Bcero BO^M, B 3ony no)Kapa H cöpoc 

ero Hafl 4>POHTOM orroi. 3TOT cnoco6 He^ocra-ro^Ho a^^eKTHBeH, T.K. 



npn BbiJiHBe Ha OTHOCHrejibHO 6ojitniOH CKopocTH (70-100 M/C) H BLICO- 

Te (100 H öojiee MeTpoß) OCHOBHEUI Macca cocTaBa AHcneprapyeTCJi H 

onycKaeTca c Manofi CKOpocibio, He nona^aa B 30Hy orafl. Cymecr- 

ByiomHe aBHaHHOHHbie cpe^cTBa o6ecnenHBaioT pacxo^Bi nop5«Ka 5-6- 

TH Kr /KB. MeTp noBepxHOCTH, *ITO npHÖJiH3HTejibHO B 2 pa3a MeHbine 

HeoöxoAHMoro 

IlpeflJiaraeTca HOBMH cnoco6 TymeHH« jiecHbix noacapoB, KOTO- 

pbifi peajm30BaH B noacaponoflaBJiaromeM KOMHJieKce, pa3pa6oTaHHOM 

BoeHHO-B03flyuiHOH HHaceHepHOH aKdLßßMmm HM. H.E.KyKOBCKoro H 

p^AOM HMH H KB npn COA6HCTBHH MeamynapoAHoro «DoHZja 

noneHHTejien MocKOBCicoro rocy^apCTBeHHoro aBHaHHOHHoro 

TexHOJiorHHecKoro yHHBepCHTeTa HM. K.3.U|HOJiKOBCKoro. 

B .zjaHHOM KOMnjieKce yicasaHHbiH He^ocTaTOK ycTpaHaeTC« nyreM 

cÖpacHBaHHa c BepTonexa B 3ony oraa xancyji c oraeTymamHM cocTa- 

BOM, KOTOpbifi Ha Bbicoxe 2-5 MerpOB OT noBepxHOCTH 3eMJiH AHcnepra- 

pyeTca c noMomwo He6ojibinoro KOJinqecTBa B3pbiBHaToro BemecTBa. 

npn 3TOM flocraraeTCH cjieayiomHH 3(J)(}>eKT. 

1. Bo3flyniHaa yzjapHa» Bojraa H CKOPOCTHOH Hanop cÖHBaiOT 

njiaM« B paflnyce 8-10 MeTpoB, npn STOM C noflCTHJiaioiHeH 

noBepxHOCTH H H3 HHacHefi nacTH KpoH AepeBbeB y/jajraeTCÄ 

jiecHoo ropio^HH MaTepnaji (MejiKHe BCTKH, XBOH, onaBHine H 

cyxne jiHCTbM H T.n.). 

2. A3po30Jib HHTeHCHBHO oxönpaeT BbiAejmomeeca Tenno H pe3- 

KO cHHacaeT TeMiiepaTypy OKpymaiomeH cpeflbi, HTO, B cone- 

TaHHH   C   BMHieCKa3aHHbIM,   3HaHHTejIbHO   CHH^caeT  paflHycbi 

nporpeBa, cyniKH H nnponH3a, 3aTpyflHaa flajibHeöinee npo- 

ABHaceHHe (^poHTa no»capa. 



3. MecTO ropeHtra roojinpyeTCfl OT KHCJiopo^a B03Ayxa oGnaKOM 

npo/iyKTOB B3pwBa H ^HcneprHpoBaHHoro cocTaBa, HTO B CO- 

neTaHHH c OCCBIIMMH ero KOMnoHeHTaMH nperorrcTByeT ppc- 

Tyny B03Ayxa K crary, npeÄOTBpamafl noBTopHoe B03ropaHHe. 

KancyjiBi npe,n,CTaBjiflK)T COöOH repMeraHHbie cocyobi CMKOCTBIO 

40-50 jiHTpOB, cHa6»ceHHbie pacnojioaceHHBiM BHyxpH .nHcnepnipyio- 

IUHM 3ap»flOM H B3pBiBaTejibHBM ycTpoHCTBOM. 3apfl# H fleTOHarop Jier- 

KO y^ajMiOTCH H3 KancyjiBi, HTO no3BOJiaeT xpaHHTB HX pa3flejibHO. Kan- 

CyJIBI yCTaHaBJIHBaiOTCa B TpaHCnOpTHpOBOHHBffl KOHTeHHep (TK) MHO- 

ropa30Boro npHMeHeHHa, CHa6;jceHHBiH ynpaBJiaeMbiMH 3aMKaMH ^JIH 

cöpacbiBaHHH no5Kapono#aBJunoiipix ycTpoficTB (llliy) c onpe^ejieH- 

HBIMH HHTepBajiaMH. Bee flonojiHHxejiBHbie ycTpoficTBa H 3JieMeHTbi aB- 

TOMaTHKH pa3MemaK)Tca Ha TK-3T0 no3BOJiaeT Hcnojib30BaTb pjw no- 

acapOTyraeHHa BepTonexbi pasjiwmux ranoB npn HX He3HaHHxejibHOH 

^opaöoTKe. 

3KcnepHMeHTajibH0 ycTaHOBJieHO, HTO pacxo/i orHexymamero co- 

CTaBa npH ycxoüiHBOM xymeroiH cocxaBjiaex 120-150 r Ha KB. Mexp 

noßepxHOCTH, HTO npH6jiH3HTe,jiBHO B 100 pa3 MeHbuie xpeöyeMoro 

pacxofla Bo^bi. 3xo flaex BO3MO5KHOCXB o#HOMy Bepxcmexy 

rpy3onoABeMHocTbK) 5000 Kr oöpaöoTaTb nojiocy uiHpHHofi 20 H 

npoT»»ceHHOCTbio 1500-1850 MexpoB (njiomaflb 30000-37000 KB. 

MeTpoB). 

^ocTOBepHOCTb npHBCAeHHbix ^aHHbix noATBepjK^eHa 

MOflejibHBiMH HcnbiTaHHHMH Ha nojiHroHe, B KOTOPBIX jiecHofi noacap 

MOflejiHpOBajica Ha Heöojibnrax HCKyccTBeHHO C03#aHHbix ynacxicax 

neca (c perHcxpauHefi xeMnepaxypHbix pe)KHMOB B KOHxpojibHbix 

TOHKax).    3areM   pe3yjibxaxbi   6HJIH   no#XBep>K,a;eHbi   B   HarypHbix 



SKcnepHMeHTax Ha HCicyccTBenHO co3/iaHHbix jiecHbix noacapax. npn 

CTaiiHOHapHOM pa3MemeHHH nny. 

npeflJiaraeMMH cnocoß Moacer 6bm> MO«H(J)HHHpOBaH fljw 

oxpaHbi cKJia^OB, xpaHHjinm TCM HJIH jierKOBOcmiaMemnomHxcfl 

MaTepHajiOB. B 3TOM cjiynae nnV pacnojiararoTca Ha TeppHTOpHH 

xpaHHJiHma B Hanöojiee Bepo#rabix Mecxax BCBropamra. BoeBbie nenn 

flOJiacHbi 6biTb npcmoaceHM 3apanee H nny npHBCwrrcÄ B ACHCTBHC B 

MeCTaX B03HHKHOBCHH» HOSCapa. IlpH HeOÖXOÄHMOCTH CHCTeMa M05KCT 

oöopyaoBaTbCM aBTOManiKOH, KOTOpaa flOJiHffla Bbi3BaTb cpaöaTHBaHHe 

nny npH 3a,o;aHHbix ycjiOBHax oRpy^aromeö cpeAbi. 

3KcnjiyaTaHHa     IMY     H     opraHH3auHa     pa6oT     AOJiama 

OCymeCTBJIJTTbCJI     CnCHHajIHCTaMH,     nCWOTOBJieHHMMH     B     o6jiacTH 

B3pbIBa. 

TIo>Kapono^aBJT5iiomHe ycipoficTBa Moryr 3anojiHaTbc* jnoöbiM 

H3 cymecTByiomHx orHeno^aBJiaiomHx cocTaBOB, oßHaKO, KaK noKa3ajiH 

HCCJie^OBaHHH, Han6ojiee nepcneKTHBHWMH HBnsaoTca CMecn Ha ocHOBe 

HpHpOAHblX   KOMHOHeHTOB,   WIO    H03BOJI5ieT   HOJiyWTb   3K0JI0rHieCKH 

qHCTbie, ßeineBbie H flocTaroHHO a^eicraBHbie cocxaBbi. 

Pa3pa6oTaHHbie cnocoö, ycTpoiicTBa H oraeTyHiamHH cocraB He 

HBjraoTca ajibTepHaTHBOH cymecTByiomHM, a #onojimnoT HX pa3HOo6- 

pa3He H npeflnojiaraiOT KOMmieKCHoe Hcnojib30BaHHe, cnocoöcxBya 

3THM flajn,HeHHieMy noBbiineHHio a^eKTHBHOcra 6opb6bi c jiecHbiMH 

noücapaMH. 



Fire Suppressing Complex 

for Localizing and Extinguishing Forest Fires 

A.I. Gurov; V.l., Zakharov; M.R. Liberzon; B.S. Mitin; A.S. Systsov; L.A. Odnovol; A.N. 

Sytnikov 

MAT! - RGTU K.E. Tsiolkovskiy 

27,Petrovka st, Moscowl03167 

Ecological safety of the Earth is causing more anxiety every year despite all efforts which 

are being made in this respect. 

One of the main directions of solving the ecological problem is environmental monitoring 

with the purpose to collect true information in environmental parameters and make adequate 

decisions. Potentialities of various observation methods are obvious. But the priority in 

developing space monitoring is determined not only by this. According to the data of the 

GOSCOMECOLOGIA aerial survey data in general cost much more than the data collected by 

means of sattelites (over 10 times more). And the quality of sattelite information is as good as 

that of the aerial survey data and in some cases (conversible exploratory sattelites) even better 

from the point of view of the volume of information, global scale and regularity. 

Ecological hazard and serious consequences of conflagration type of forest fires are 

evident and do not require any further substantiation. The existing fire-fighting methods are so 

different and many of them have been practically applied but the desired results in fire control 

have not been achieved yet. 

Forest fire-fighting methods based on use of aircrafts occupy a special place among many 

other methods of forest fire extinguishing as they ensure prompt reaction mobility and capability 

to deliver, large loads (tens of tons) to the points hundreds of kilometers away from a base site. 

Such methods and related technical solutions are being continuously improved in Russia, 

in the last few years in particular, when the country's defence complex starts to play an 

increasingly important part in the national economy. 

In the last two decades forest preservation services of many countries took an active 

interest in the development of aircraft based methods of forest fire-fighting. The method of this 

type which is used now provides for the delivery of a mixture, in most cases it is water, to a fire 

area and discharge of such mixture over the flame zone. But this method does not perform well 



enough because the major part of water discharged at a relatively high velocity (70-100 m/s) and 

a large height (over 100 km) is dispersed and falls down at a low speed, missing the flame zone. 

The modern aircraft devices ensure the discharge of about 5-6 kg per sq.m of area, that is, 

two times less than needed. 

A new method of extinguising forest fires is proposed which has been realized in a fire 

suppressing complex, designed by the Military Aviation Engineering Academy n.a. N.Ye. 

Zhukovsky and a number of research institutes and design offices with the assistance of the 

International Trustee Foundation  of the Moscow State Aviation Technological University n.a. 

K.E. Tsiolkovskiy. 

The above described disadvantage of the existing method is eliminated in the new 

complex due to the application of capsules containing fire-extinguishing mixture, which are 

thrown in the fire zone from a helicopter. At a height of 2-5 m from the land surface this mixture 

is dispersed with the help of some explosive material. Thus, the following effect is achieved. 

1. An air shock wave and the pressure due to velocity knock off the flame in the range of 

8-10 m; at the same time forest combustible materials (short branches, coniferous needles, 

abscissed and dry leaves, etc.) are removed from the debris layer and lower parts of tree crowns. 

2. The aerosol takes off the released heat drastically lowering down the ambient 

temperature; all this combined with the above described effects considerably reduces the radious 

of heating, drying and pyrolysis, thus preventing the firefront from being moved further on. 

3. A burning area is isolated from air oxigen by a cloud composed of the products of 

explosion and the dispersed mixture; this factor and the precipitated components of he fire- 

extinguishing mixture impede air entering the hot spot, thus, preventing holdover fire. 

It was been experimentally established that the consumption of fire-extinguishing 

mixture in case of continuous fire suppression is 120-150 gr/sq.m of area, which is almost U00 

times less than the required water consumption. It allows one helicopter of the loading capacity - 

5000 kg to suppress a fire within a strip of 20 m wide and 1500-1885 m long (area : 30000- 

37000 sq.m). 

The trustworthiness of the above data has been proved by the model tests in the testing 

area when a forest fire has been simulated on small artificially created forest sites (with recording 

of temperatures in control points). The results were then confirmed by full-scale experiments 

during test fires when the fire suppressing complex was used as a stationary unit. 

The proposed method may be modified so that it can be used for protecting warehouses, 

storage facilities for fuels and oils or highly inflammable materials. In such cases fire suppressing 



complexes are installed on the territory of a warehouse in the probable points of inflammation. 

The necessary networks should be arranged in advance and fire suppressing complexes are put 

into operation at the points of flash fire. The system if necessary may be equipped with automatic 

controls which will switch on the fire suppressing complex at given ambient conditions. 

The developed method, equipment and fire-extinguishing mixture are not considered as 

alternatives to those currently in use, but widen the variety of such methods and equipment. They 

are to be used in combination with other methods, devices and mixtures that will make the forest 

fire control more efficient. 
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AKA «MAKOC» KUK Mexeop6HTajibiiuli öyiccnp ana MaJibix AKA pa3JiHHHoro 
uejieBoro Ha3HaneHHJi 

B.JIyKbameiiKO, B.BopHCOB, r.YcneHCKHH, B.CeMeHHeHKO, H.KoMHecapoB, 
r.Ba6KHiia, B.ripy/iKoniaÄ, T.OoJiOMKHHa, K.EJIKHH 

U,HHHMam 
141070 r.KopojieB, MocKOBCKaa o6jiacTb 

ynXlHOHepcKan, 4 
Oaicc: (095) 513-42-92 

Pe&epar 

B HacTOHinee BpeM» UHHHMaw coBMecrao c PKK «3Hepraa», U,CKE, HFIO 
HM.JlaBOHKHHa, HKH PAH RCMT HCCjieflOBaHHa no BO3M05KHOCTJIM co3flaH«a 
aBTOMaTHMecKoro KA MHoroueneBoro Ha3HaneHHa, o6cjiy>KHBaeMoro B KOCMoce BO 

BpeMH nepHOUHMecKHx CTMKOBOK c MoK/iynapo^HOH KOCMHHCCKOH CTaHUneH - npoeKT 
«MAKOC» - «Mnoropa30Baa ABTOMaranecKaa KocMHHecKaa OpÖHTanbHaa 

CHCTeMa»1. npH noMomn AKA «MAKOC» (Macca AKA - 7200 Kr, Macca nojiesHOH 
Harpy3KH - OT 750 Kr äO 2000 Kr) npeanojiaraeTca npoßo/jHTb raÖKHe 
HccjieAOBaTejiBCKHe nporpaMMti B HHTepecax MHorax wcmnmm KOCMnqecKHx 
HCCjieÄOBaHHfi. B CBA3H c HHTeHCHBHWMH pa3pa6oTKaMH MajIblX KA (MKA) 
pa3^HHHoro neneBoro iia3HaHenHH B paMKax npoeKTa «MAKOC» paccMaTpHBaerca 
B03MO>KHOCTb Hcnonb30BaHHH ero H KaK MOKopÖHTajiBHoro 6yKCHpa ÄJia MKA, HTO 
äOJOKHO oÖJierMHTb BMBOä MKA Ha pa6oMne opÖHTbi. I"IoKa3aHO, MTO B STOM 

HanpaBJieHHH BO3MO:>KHO: BO-nepBbix, peaJiH30BaTb HOByK) npouejrypy opraHH3aHHH 
MHCCHH MKA (nonyTHaa ÄOCTaBica MKA Ha MKC TpaHcnopTHbiMH KopaÖJiaMH, 
HHTerpauHa JIH6O HHbie onepanHH c MKA na 6opTy MKC, o6ecneqeHHe BbiBOfla MKA 
Ha 3aÄaHHyio opönry npn noMOiiDi AKA «MAKOC»), HTO cnoco6HO cymecTBeHHO 
pa3BHTb nporpaMMy MKC; BO-BTopwx, o6ecneHHTb onpefleneHHbie npeHMymecTBa B 

npoBe/ieHHH nporpaiviM c MKA 3a cnex KaK B03MO>KHOCTefi SKOHOMHH TonjiHBa, TaK H 

B03MO)KHOcreH upoBe/ieHHJi onepauHft c MKA - Ha 6opTy MKC H B ee oKpecraocTax 
(HanpHMep, ÄononHHTeJibHbie KajiH6poBKa, TecTbi H TOMy noAOÖHoe). 

FIocTanoBKa 3aaaHH 

3amna KOMiuieKcnpoBaHHa B03MO>i<HocTefi nHJiorapyeMOH H aBTOMara*iecKOH 
nporpaMM KOCMHHCCKHX HccJieflOBaHHH a3Jiaexca aKTyanbHOH BBH^y HCOOXOAHMOCTH 

BceMepnoro riOBbinieHHa SCIKIJCKTHBHOCTH KOCMHHCCKHX HccjieflOBaroiH npn 3KOHOMHH 

pacnoJiaraeMbix pecypcoB H 4)HHaHCOBbix cpcucTB. 
BBH^y 3Toro iieoöxoOTMO HcnoJib30BaTb KaK MoayjiH MKC, TaK H CBOöOäHO- 

jieTaim-ie cpeacTBa, BxoaamHe B HH(l)pacTpyKTypy MKC - B TOM nucjie: Majibie AKA, 
ynpaBJiaeMbie Kaic c 3eMJiH, TaK H -BO3MO>KHO- CO CTaHUHH. 

Hcnojib30BaHHe cBo6o,ano-JieTamHx uopyn&ü Maccofi HecKOJibKHX TOHH 

(KOHuenmia npoeicra «MAKOC»1) no3BOJiaeT npn^aTb aonojiHHTejibHyio rnÖKOCTb 
nporpaMMe uejieBoro Hcnojib30BariHa MKC, TaK KaK MOKCT 3HaHHTejibHO noBbicHTb 
3(})(J)eKTMBHOCTb npoBejjeiiHa 3i<cnepHMeHX0B B oÖJiacTH HCCJieÄOBaHHÖ 
rpaBHTauHOHHO oöycjioBJieHHbrx HBJICHHH B MaTepHaJioBefleHHH, <f)H3HKe >KH,HKOCTH H 
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ÖHOTexHOJiorHH,     B     o6jiacTH     reo(l)H3HMecKHX     H     oxaejibHHx     HanpaBJieHHH 
aCTpO(})H3HHeCKHX  HCCJieÄOBaHHH  Ha 6opTy aBTOMaTHHeCKHX  KA, nOCKOJIbKy B 3TOM 
cjiynae peantoyeTca AJiHTejibnaa - He MeHee 3 TOT - nporpaMMa 3KcnepHMeHT0B c 
MHoroKpaTHoft HHKJiHHHOCTbio, npH 3TOM MaKCHMajibHO Hcnojib3yiOTca KaK pecypcbi 
caMoro AKA, TaK H SKcnepHMeHTaubHoro o6opy/joBaHHa, He TpeöyeTca 
MHoroKpaTHbix 3anyci<OB paKeT-nocHTejiefi, CTOHMOCTB KOTopbix oneHb 6bicTpo pacTeT. 
3Ta nporpaMMa Aoioiaia 6urb cKoop/niHHpoßaHa c nporpaMMofi uerceBoro 
Hcnojib30BanM MKC, a cramma B nponecce pa3BHTHa nporpaMMbi MO>KCT 

npeßpaTHTbca B nyHKT o6cjiy>KHBaHHa, o6ecneneHHa H nepeocHacTKH aBTOMaTHnecKofi 
^aöopaTopHH na 6opxy AKA nperuiaraeMoro KJiacca, a Taoce B JiaöopaTopHio 
nepBHMHoro aHam«a nojiynenHbix pesyribTaTOB, MecTo noAroTOBKH HX K 

B03BpameHHio na 3eMjno B cnycKaeMbix Kancyjiax THna "Pa^yra", 3 CnycKaeMbix 
AnnapaTax (CA) TpancnopTHbix Kopaöjieft «C0103-TM» HJIH ace Ha 6opTy 
Op6HTajibHoro Kopa6jia "Space Shuttle". 

B nacra npHMeneHHH MKA noApa3yMeBaeTca BKJiKcqeHHe B nporpaMMy paöoT 
na cTanuHH: onepauHfl no floeraBKe MKA JIHöO HX OCHOBHMX ajieMeHTOB Ha 6opT 
CTaHHHH, nocjieflyromafl HirrerpaHHa MKA, onepauHH no Bbrne^eHHio MKA Ha 
paÖonyio op6my, BO3MO>KHOC ynpaßjieHHe HiTarabiM 4>yHKHHOHHpoBaHHeM MKA c 
6opTa MKC, onepauHH no BO3Mo>KH0My B03Bpary MKA Ha MKC c nejibio noBTopHoro 
Hcnojib30BaHHH. /Jannoe npeflJio>i<eHHe pa3BHBaeT noaxofl, KOTopbiß 6WJI anpoönpoBaH 
npH peajiH3anHH poccHHCico-repMancKoro npoeKTa «HHcneKTop»2, a Taoce 
pa3pa6aTbiBaeTCH B npoeicre «Cnnpanb»3. HefloeraTKOM nonxom npoeKTa «Cnnpanb» - 
Hcnonb30BanHH jxnn nbmeneum MKA na paöoqyio opÖHTy ßBHraTejiefi Manoö Tara c 
3HaHHTejibHbiM pecypcoiw - aBjiae-rca snaMHTejibHoe BpeMa fljia BbiBczteHHa MKA Ha 
paöonyio opÖHTy, a B npoeirrax THna «HucneKTop» paccMaTpHBaiOTca BO3MO>KHOCTH 

npoBe^eHHa HccneaoBanHH B 6jw>KaHniHX oxpecraocTax MKC. PacumpHTb 
B03M03KHOCTH Hcnojib30BaHHH MKC KaK 6a3bi /uia MKA pa3JiHHHoro Ha3HaHeHHa 
BO3MO>ICHO npH noMomH Hcnojib30BaHH» Me>Kop6HTaribHoro 6yKcnpa, B KanecTBe 
KOToporo npeÄnaraerca paccMOTpeTb BapnaHT AKA «MAKOC». 

Bcjie^cTBHe 3Toro npe/jcTaBjiaeTca Heo6xoflHMbiM oneHHTb BO3MOHCHOCTH 

HCnonb30BaHHH AKA «MAKOC» jxm BbiBeaeHHa MKA Ha paöonne opÖHTbi. 

OucHKa BQ3Mo?KHocTei"i AKA «MAKOC» KaK MOKoiröirrajibHoro SvKCHna 

KoHCTpyKTIIBIIbie B03M03KHOCTH 

üpoeKT AKA «MAKOC-T» pa3pa6aTbiBaeTca B TOM HHCJie Ha ocHOBe 
Hcnojib30BaroiH 3a,aejia HnO HM.JIaBOHKHHa no npoeKTaM HccjieflOBaHna Mapca 
(npoeKTbi «Oo6oc» H «Mapc-96»). B paMKax 3THX npoeKTOB 6buiH npoBeAeHbi 
pa3pa6oTKH B03MO>KHocxeH KOMnoHOBKH ÄecaHrapyeMbix Ha Ooöoc H Mapc cpeqcTB 
(^ojiroMCHBymen ABTOHOMHOH CTaHHHH H 30Haa nPOIl B npoeKTe «Ooöoc»; Majibix 
CTaHHHH H neiieTpa-ropoB B npoeKTe «Mapc-96») Ha npnöopHO-arperaTHOM oTceKe KA 
H Ha ABTOHOMHOH ßßHraTejibHOH YcTaHOBKe. 3TH pa3pa6oTKH npezjjiaraeTca 
Hcnojib30BaTb H B npoeKTe «MAKOC», npeaycMOTpeB B03MO>KHocTb ycTaHOBKH 
yHHBepcajibHOH paMbi na npHÖopHO-arperaraoM OTceKe, Ha KOTopon -Hapa#y c 
ycTpoHCTBaMH H cHCTeMaMH, oöecneHHBaiomHMH CTbiKOBKy AKA «MAKOC» H MKC- 
npe^JiaraeTca nonepeMeHHo ycTanaBjiHBaTb: repMeTHHHbifl OTceK nojie3HOH Harpy3KH 
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(HaocHOBe Oni-I ITK «nporpecc-M» - CMOxpHTe pHC.l), KpynHoraöapHXHbie npHÖopw 
H HHCxpyMenxbi (xejieciconbi pa3XfHUHbix cneKxpanbHbix /üHana30HOB H TOMy 
noao6Hoe), Majibie KA, npe;yiaraeMbie K BtiBoay Ha paöoqyio op6nxy npn noMOiini 

AKA «MAKOC». 
fljia peajiH3auHH MHCCHH AKA «MAKOC» KaK MencopÖHxajibHoro öyKcnpa 

AOJOKHH TaioKe 6HTB pemeHW Bonpocw, cBJBaHHbte c oöecneneHHeM ^03anpaBKH ero 
^BHraTejibHOH ycxanoBKH B ycjiOBHsix KocMHnecKoro nojiexa c öopia MKC. 

TaK>i<e üojDKna 6bixb npopaöoxana B03M0)KH0cxb flonojiHHxejibHOH CXHKOBKH 

pa3roHHoro 6jioKa «Operax» H c^ynKUHOUHpoBaHHa noaoÖHoro ÄByxcxyneHnaxoro 
BapHaHTa    AKA     «MAKOC»-    SyKCHpa    (flopaöoTKH    CY/J,    KOHCxpyKXHBHO- 

KOMnOHOBOMHbie H3MeiieHHH H T.R.). 

EajiJiHCTiinecKHÜ atiajiiu BoaMOXCuocreft AKA «MAKOC» no BbmeaeHHio 

MKA 

OueHHM /JiocTHMCHMbie napaMexpbi opönx MKA, AJIJI BUBeaeHHH Ha KOTopbie 
B03MOMCHO Hcnojib30BaTb AKA THna «MAKOC» (noKa ocxaBHM B CTopoHe Bonpoc 06 
Hcnojib30BaHHH co6cxBeiiHOH ABHraxejibHofi ycxaHOBKH MKA AJIH AOBbreeAeHH« Ha 
pa6onyio opGnxy). OrpanHHCHHeM B SXOM cjiynae HBUHCXCH xo oocxoaxejibcxBO, HXO 

(tiopMHpyeMaa AKA «MAKOC» opÖHxa aojracHa o6ecneHHBaxb B03MO>KHOCXb ero 
B03BpameHHH 11a MOHxawHyio opÖHxy cxaHUHH nnsi CXMKOBKH C Heft H nocjie^yiomero 
o6cjiyMCHBaHHH. Ocoöeiuiocxbio npoue,aypbi B03BpameHH» AKA «MAKOC» Ha 
Monxa>KHyio opGnry jiBJiaexcH Heooxo^HMoexb ynexa B3aHMHoro pacnojio>i<eHHH 
n/iocKOCxefi paöoMeß H MOHxawHOÖ op6nx B npocxpaHCXBe (H3-3a pa3JiHHHbix 
npeueccHH) na MOMCHX cxapxa. B onxHManbHOM BapnaHxe 3HeprexHnecKHe 3axpaxw, 
cB«3aHHbie c B03BpameHHeM AKA «MAKOC» Ha MOHxa>KHyio opÖHxy, He AOJIMCHW 

npeBOCxoanxb sneprextmecKHX 3axpax no cf)opMHpoBaHHK> pa6oHeß opÖHXbi. 
ripH Bbt6ope napaMexpoB op6nx neo6xoAHMO ynnxbrnaxb xpeöoBaHH«, 

onpeÄeiiHetvibie i-ia3HaMei-weM MKA, coBepuiaiounix Me>K0p6HxanbHbrä nepexofl. TaK 
KaK 3£waHH, pemaeMbie 6yi<CHpyeMbiMH MKA, Moryx 6bixb aocxaxoHHO MHoroo6pa3Hbi, 
HHMce npoBOÄHXcji anajiH3 H npcacxaBjietibi 3aBHCHM0CXH, no3BOJi$noiiiHe BbiÖHpaxb 
napaMexpbi op6nx äJIH cnyiaeB peuienHH oxßeJibHbix xnnoBbix 3amxi- 

Ha pHC.2 npejicxaBJieHa 3aBHCHM0CXb SHeprexHnecKHX 3axpax AKA «MAKOC» 
- GyKCHpa, Koxopbift cxapxyex c MOHxaamoM op6nxbi MKC flJifl (})opMHpoBaHHH 
KpyroBbix H sjuiHnxHiecKHX op6nx c HaKJiOHeHHeM i=51,6°. ripn pacnexe 
3aBHCHM0cxefi paccMaxpHBanacb aByxHMnyjibCHaa cxewia (J)opMHpoBaHHH pa6onHX 
opÖHx. riepBWM HMnyribcoM ocymecxBJiHexcfl nepeBoa AKA «MAKOC»-6yKCHpa c 
onopHOH op6nxbi c HK|,=400 KM VS. i=51,6° Ha sjumnxHHecKyio op6nxy nepexo^a. B 
anoree nepexoanoH op6nxM coo6maexcs #onojniHxejibHbiH HMnyjibc, AOBOAHIUHH 

anorefiHyio cKopocxb no MecxHofi KpyroBOH HJIH oöecneHHBaiomHH yBenHHeHHe 

Bbicoxbi nepHrea. 
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PHC. 1. ripezuionaraeMbiH OöJIHK aBTOMaTHHecKoro o6cjiy>KHBaeMoro KA «MAKOC-T» 
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PMC. 2. SHepreTunecKne 3aTpaibi (xapaKTepMCTVwecKoü cKopocw) AKA flra <J»pMnpoBaHna 
paöoHMX op6nT (I = 51,6 rpaA, nepureü ajviwmviHecKHX op6nT- 500 KM). 

3anac xapaicrepHCTHiiecKOH CKopocra nojmocTbio 3anpaBjieHHofi ABHraTejibHOÖ 
ycTaHOBKH AKA «MAKOC» (Koropyio npeAnojiaraeTca co3AaBarb na 6a3e 3aAeJia no 
pa3roHHOMy 6jioi<y «OPEFAT») cocTaBJiaeT -1700 M/ceK. Ylpn noACoeAHHeHHH K AKA 
«MAKOC» eme OAHOH anajiorHMHOH aBTOHOMHOH ABHraTejTbHofi ycTaHOBKH (AßY) 
3anac xapaKxepHCTH'iecKOH CKOPOCTH yBejiHHHxcst #o -2630 M/ceK. IIOHJITHO, mo 

npoue^ypy noAcoeAHiieHHa AononHHxejibHOH ABHraxeJibHOÖ ycTaHOBKH npHAexca 
npoH3BOAHTb na MKC c nocjieAyiomefi 3anpaBKoft AByxcxyneHHaxoro BapnaHxa AKA 

«MAKOC»-6yi<cHpa. 
H3 rpacl)Hica pHC.2 cneAyex, HTO AKA «MAKOC» - 6yKcnp o6jiaAaex 

cne^yiomHMH BO3MO>KHOCXJIMH: 

• B iuraTHOH Koitc^trypauHH (c OAHOH AJJY) - BBIBOA Ha KpyroBtie opÖHxu c i=51,6° H 

BbicoTaMH AO -2000 KM, a TaioKe BBIBOA Ha 3-JuiHnxHHecKHe op6nxbi c i=51,6° , 

nepHreeM 500 KM H anoreeM AO 4000 KM; 

• B KOH<t>Hrypau,HH c AByMH AJ\Y - BBIBOA Ha KpyroBbie op6HTbi c i=51,6° H BbicoxaMH 

AO -4000 KM, a TaioKe BBIBOA na 3JiJiHnxHHecKne op6nxbi c i=51,6°, nepHreeM 500 

KM H anoreeM AO 10000 KM. 

npoana;iH3HpyeM xaioice BO3MO>KHOCTH yBejiHHeHHH HaKJioHeHHH AOCXH>KHMOH 

op6HTbi npH MOKopÖH'ra/ibHOM MaHeBpHpoBaHHH AKA «MAKOC»-6yKcnpa. 
3aBHCHMOCTb   3iiepreTHHecr<Hx   3aTpaT   (npnpameHHH   xapaKxepHCXHHecKOii 

CKOpOCTH AV) npH (j)OpMHpOBaHHH KpyrOBblX pa60HHX Op6HT pa3JIHHH0r0 HaKJIOHeHHH 
npeACTaBJtena   Ha   pnc.3.   ITpn   c^opMHpoBaHHH   TaKHX   opönx   paccMaxpHBajiacb 
TpexHMnyj-ibCHa« cxeMa opÖHTaubHoro MaHeBpnpoBaHHH. npH 3TOM noBopoT BeKTopa 
CKOpOCTH H, COOTBeTCTBei-IHO, nJlOCKOCTH OpÖHTbl AKA «MAKOC»-6yKCHpa AOJt^ceH 
ocymecTBJiHTbca HMnyjibcoM, cooömaeMbiM eMy B anoree nepexoAHOÖ ajumnTHHecKOH 

OpÖHTbl. 
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PHC. 3. 3aBncnM0CTb 3aipaT xapaKTepucTOHecKoCi CKopocm AKA OT napawie-rpoB cpopiwwpyeMbix 

KpyroBbix paSoMwx op6wT. 

J\m 6ojibLUHx yiJTOB noBopoTa IIJIOCKOCTH op6Hxti AKA «MAKOC»-6yKcnpa 
paccMaTpHBajiacb cxeiwa nepexo/ta nepe3 6ecKOHenHocxb. B SXOM cjiynae AKA c 
noMombio 6opTOBoro flBHraxena nepeBo/mxca c onopHofi KpyroBoft opÖHXbi Ha oneHt 
CHjibHo Bbromyryio sjuwnxHHecKyio op6wxy. CKopocTb ero B anoree xaKoft opÖHXbi 
HeBejiHKa, H pa-jBopoT BCKxopa CKopocxH noxpeöyex He3HaHHxejibHbix sneprexHHecKHX 
3axpaT. riepexofl <-iepe3 «6ecKoneqnocTb» Mowex oi<a3axbc$i npaKXHHecKH BbiroÄHbiM, 
ecjiH peMb H/ier ne xoxibKO 06 H3MeneHHH HaKJioneHHa op6Hxw, HO H o^HOBpeMeHHO o 
ee nofl-beivie. B ony-iae Maiibix ymoB noBopoTa H HCBMCOKHX op6HT HeT CMbicjia 
nepexoflHTb nepe3 «6ecKOHe*mocTb». KaK cjieayer H3 pHc.3, B03MO)KHocxb yBejiHHeHHa 
HaKJioneHHH pa6cmeß op6nxbi AKA «MAKOC»-6yKCHpa c ynexoM HCO6XOäHMOCXH ero 
o6paTHoro BosBpamein-ra orpaHHHena H3-3a 3HaHHxejibHbix 3HeprexHHecKHX 3aTpaT. 
TaK, B uixaxHofi KOH^HrypauHH AKA «MAKOC» - SyKCHp Moxeer BHHTH Ha KpyroByio 
op6nxy BbicoTofi -400 KM H naKJioHCHHeM -58°; a B KOHt])HrypauHH c ^ByMH A^y - Ha 

KpyroByio opÖHxy BWCOTOH -400 KM H HaioioHeHHeM -62°. BH^HO, HTO JUI« H3MeHeHH» 

HaKJIOHeilHH Op6nTbI Ha3IiaMeHHH Hy>KHH HCKaTb flOnOJIHHTejIbHbie aJIbTepHaTHBfel. 
Bo3Mo>KFiocTb o6paTHoro B03BpameHHH AKA «MAKOC» - GyKCHpa c op6nxbi 

Ha3HaMeHHJi na Mormoiaiyio, noMHMo «nonojiHHxejibHbix 3HepreraqecKHX 3axpax, 
CB»3aHa c HeoöxoziHMocTbio Bbi6opa MOMeHTa cxapxa c op6HXbi Ha3HaHeHHa, 
MHHHMH3Hpytomero 3iieprexnqecKHe 3axpaxw. B onxHMajibHOM cjiynae 
3HeprexHMecKHe 3axpaxbi np« B03BpameHHH AKA «MAKOC»-6yKCHpa Ha M0Hxa>KHyio 
op6nxy   MKC    Moryx   6bixb   paBHbi   3axpaxaM   xapaKxepHcxH^ecKOH   cKopocxn, 
np0H3BeaeH'HbIM npil CpOpMHpOBaHHH HeOÖXOßHMOH OpÖHTH. 

Bbiöop om-HMajibHoro MOMenxa cxapxa AKA «MAKOC»-6yKCHpa AJIA 

B03BpameHHH c paöoneft op6nxw Ha MOHxa>KHyio perjiaMenxHpyexcfl cpaKxopoM 
pa3JiHqH0fi npeueccHH opÖHx, oxjiHHaiomHXCH CBOHMH napaMexpaMH. CKopocxb 
npeueccHH IUIOCKOCXH op6HXbi Ha3HaMeHHa AKA «MAKOC»-6yKCHpa H IUIOCKOCXH 

MOHxaHCHofi  opÖHXbi  MKC  onpeAejiaexcH cKopocxbio coBMemeHH» y3Jia opönxbi, 
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nojio)Keiine Koxoporo xapaicrepH3yexcH H3MeHfliomHMCH BO BpeMeHH yrjiOM aonroxBi 
Bocxonsmero y-ijia opönxbi. Ha pnc.4 npencxaBJieHa 3aßncHMOcxb BpeMeHH 
coBMemeiniH    njiocKocxefi    op6nxbi    Ha3HaneHHH    AKA    «MAKOC»-6yKCHpa    H 

MOHXa>KHOH OpÖHXbi MKC OT BblCOXbl OpGHXbl Ha3HaHeHHH. PaCCMaxpHBaeXCK BBICOTa 
KpyroBofi opÖHTtr JIH6O BBicoTa anoueHxpa 3JiJiHnxHHecK0H opÖHXbi, ivje HaicjioHeHHe 
op6HTbi Ha3HaMenHH H MOHTa>KHOÖ opÖHTbi MKC paBHbi - 51,6°. H3 npeÄCTaBJieHHBix 
Ha 3TOM pHCyHKe 3aBHCHMOCTeH BHAHO, HTO HeM BBIUie BBICOTa OpÖHTbi, TeM MeHBUie 
nepHoa BpeineiiH no coBMememiH njiocKOCTefi opÖHT (y3iiOB opÖHT). Rm opÖHT 
Ha3HaiieiIHH C BblCOTOH, He3HaHHTeJIbH0 OTJIHHatOmeHCH OT MOHTa>KHOH OpÖHTbi MKC, 
3TO BpeMH MOicer oianaxbc» nenpneMJieMO 6OHBIHHM (700 H 6oJiee cyTOK) c TOHKH 

3penHH ruiaiiiipoBaiiHJi npouecca Bbrae/ieHHH MKA. B SXOM cjiynae npn 
Heooxo^HMOCTH onepaTHBHoro B03BpameHHa AKA «MAKOC»-6yKcnpa Ha 
MOHTa>KHyio opÖHry MKC BO3MO>KHO c])opMHpoBaHHe npoMe>i<yxoHHbix opönx c 
napaMexpaMH, oGecnenHBaiouniMH nocxoanHoe coBnaaeHHe y3JioB op6nx, TO ecxb 
paBencxBO cKopocxefi npeueccHH, a c 3THX opönx MKA AOJDKHM 6y#yx 
ManeBpHpoBaxb npn noMomn CO6CXBCHHOH ÄBHraxejibHOH ycxaHOBKH. 

Ha pnc.5 npe;^CTaBjiena 3aBHCHMOCTb nepHO/ia coraacoBaHH» y3Ji0B 
Monxa>KHOH op6nxbi H op6nx imnaqenHH AKA «MAKOC» - öyKcnpa B 3aBHCHM0cxn 
ox BBicoxbi H HaicnonenH« opÖHXbi Ha3HaneHHa. BHäHO, qxo flocxH5KHMbie opÖHXbi 
Ha3HaiieiiHfl conpsraceHbi c Heo6xoflHMOCxbio ßjiHxejibHoro o>KHflaHHa coraacoBaHHa 
y3JiOB. 3xo xpe6yex aonojiHHxejibiioro HcaneflOBaHHH. 

Ts, cyT 

1000 

\     3jinnnTKMecKaH op6nTa 

H, KM 

100 1000 10000        100000 
Puc. 4.  3aBMCMwiocTb nepwoAOB coBMeajeHMfi Bocxoflfloiiix y3BOB opöMT Has- 
HaneHun AKA "MAKOC" -6yKCwpa (i = 51,6 rpaA> H MomawHOW op6Mfbi MKC 

(H = 400 KM, i= 51,6 rpaA). 
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PMC. 5.  riepnoflbi coBiwemeHHfl BOCXOAHLMMX y3noB op6nT Ha3HaHeHnn AKA "MAKOC" - ßyKCupa c 

HaKJIOHeHMeM, OTJWHHblM OTHaKHOHeHUa OpÖMTbl CTaHLJHM, M MOHTaKHOCl OpÖMTbl MKC. 

BhIBOflM. 

AKA «MAKOC» a npunnnne MOiceT Hcnojib30BaTbca B KanecTBe 
Me>Kop6nTajit,Horo öyiccupa ßjia BbiBeflenna paaa nepcneKTHBHbix MKA pa3JiHHHoro 
ueJieBoro Ha3HaHeiraa, a HjvreHno: 

KA, npeAiia3HaHeHHbix zuia HccjieAOBaHHtt H0H0C(f>epbi H MaranTOC(|)epBi 3eMJin 
-THna nenicKHx KA «MAFHOH»4- Ha pa3JiHHHbix HH3KO- H cpe/jHeBbicoTHbix 
3Ji^HnTHiiecKHX opÖHTax (c anoreeM %o 10000 KM H C HaKJioHemieM, coBnaflaromHM 

HJIH 6JIH3KHM C HaKJIOHeiUieM riJlOCKOCTH Op6HTbI MKC); 
KA, npe,aHa:iHaiieHHbix &m myneHHa BepxHefi aruoc^epu 3eMjiH (rana 

npeAJiaraBiuerooi B npoeicre TSS-22) na HH3KHX KpyroBbix op6max BBICOTOH OT 200 
no 400 KM; 

3KcnepHMenTajtbHbix KA MoÖHJibHOH CBa3H (rana SAFIR-R22) Ha HH3KHX 

opÖHTax BbicoTOH -600 KM H HaKJioHeHHeM 62°; 

KA acTpoc|)H3MMecKoro tmnaHenna (THna ASTRO-SPAS, HO MeHbHien 

pa3MepnocTH) na IHBKMX H cpezmeBbicoTHbix opÖHTax, B TOM HHCJie - Ha 
3JiJiHnTHiiecKHx; 

KA win MOHHTopuHra 6JIH3KHX OKpecTiiocTen MKC (BKjnonaa onpcaejieHHe 
xapaKTepHCTHK OKpywaiomen cTaHUHio KOCMHH6CKOH nbuin), B TOM HHCJie - 
OTCTaHUHOHHoro onpe/jeirenHa cocToanna BHeuiHHX noBepxHOCTefi Mo^yjien MKC. 

B ÄanbuefiineM npeacTaBJiaeTca HCOOXOAHMBIM npopa6oTaTb B paMKax 
nporpaMMbi poccHHCKoro cerMeirra MKC Bonpocbi Hcnojib30BaHHa AKA rana 
«MAKOC» B poJin Me>Kop6HTaJibHoro 6yKcnpa ÄJia MKA pa3JiHHHoro ueneBoro 
Ha3naiieHHa. 

Paöora Bcnacb B paMicax Tocy^apcTBeHHoro KOHTpaKTa N« 851-4876/96 OT 

20.06.1996r. no HUP «rUIACTMKA-2000» Me^y PKA H UHHHMaui. 
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SC «MAKOS» as Space Tug for Small Spacecrafts 

V.Lukiashenko, V.Borisov, G.Uspensky, V.Semenchenko, N.Komissarov, G.Babkina, 
V.Prudkoglyad, G.Folomkina, K.Yolkin 

TSNIIMash 
141070 Korolyov, Moscow Region 

Pionerskaya Street, 4 
Fax:(095)513-42-92 

Abstract 

At present time TSNIIMash in collaboration with RSC «Energia», KB Photon, 
Lavochkin Association, Space Research Institute RAS is developing project of an 
automatic spacecraft for multi-purpose use, serviceable in space at periodic docking 
with the International Space Station (so-called Project «MAKOS» - Russian 
abbreviation of «Multi- mission Automatic Space Serviceable System»1). On base of 
«MAKOS» spacecraft (spacecraft mass - 7,200 kg, payload mass - from 750 kg to 2,000 
kg) it is suggested to carry out flexible researches in many space sciences. In connection 
with intensive developments of small spacecrafts (SSC) for different purposes, in frames 
of the «MAKOS» Project it has been considered possibility of its use as space tug for 
SSC, that can make easier transfer of SSC in working orbits. It is revealed that in this 
way it is possible: firstly, to implement new scenario of SSC missions (SSC piggy-back 
delivery to the ISS by ferries, its integration or other operations with it onboard the ISS, 
providing of the SSC injection in assigned orbit with help of «MAKOS» SC) what can 
significantly develop the ISS Program; secondly, to ensure certain advantages in 
operations with SSC either fuel savings or additional gauging and tests (and so on) 
onboard ISS and in its neighborhood. 

Setting up a Problem 

Problem of coordination in manned and automatic programs of space researches is 
actual one because of necessity in increasing of space researches effectiveness at saving 
of available resources and funds. 
Owing to this, it is necessary to use both ISS modules and free-flyers, included in the 
ISS infrastructure (here also small spacecrafts, managed from Earth and if necessary 
from the station). 

Use of free-flying modules with mass of several tons (as it is foreseen in the «MAKOS» 
Project concept1) allows to make the ISS Utilization Program more flexible, seeing that 
it can significantly increase effectiveness of experiments carrying out in space material 
sciences, fluid physics, in Earth sciences and in several disciplines of astrophysics. It 
will take place onboard automatic spacecrafts with long lifetime (not less that 3 years), 
research program will have many cycles, and resources of SC subsystems and its 
payloads will be utilized at maximum extent, no needs in repeated launches from Earth 
(expenditures for them are sharply growing). This program should be coordinated with 
the ISS Utilization Program, and in progress of this Program the ISS should transform 
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into station for servicing, logistic support and payloads replacements of the automatic 
laboratory onboard SC of such type. The ISS also should transform into laboratory for 
preliminary selections of obtained results and their preparing to delivery on Earth by 
recovery capsules «RADUGA», «SOYUZ-TM» ferries recovery vehicles, and onboard 

an Orbiter "Space Shuttle". 
As for SSC use, it is suppose to include in ISS operations program: operations on SSC 
(or its main elements) delivery onboard the ISS, SSC subsequent integration, SSC 
injection in its working orbit, possible control for SSC mission from the ISS, operations 
on possible return of SSC to the ISS for the SSC future re-use. This proposal develops 
approach of missions like German-Russian Project «INSPECTOR»2, as well as one in 
the Project «SPIRAL»3, which is under development. Disadvantages of these projects: 
for the «SPIRAL»- use of low-thrust engines with significant resource for a SSC m- 
orbit injection, which needs in long time; for «INSPECTOR»-like projects - only close 
neighborhood of the ISS will be investigated. To widen possibilities of the ISS use as 
base for SSC with different tasks is possible by space tug. Let consider version of SC 

«MAKOS» as this tug. # wAirnc 
Following this way, it seems as necessary to evaluate possibilities of SC «MAKUb» use 

for SSC injection in working orbits. 

Evaluation of SC "MAKOS" as a Space Tug 

Possibilities of Design Modification 

SC "MAKOS-T" Project is   developing also on the base of Lavochkin Association 
technological experience in projects of Mars exploration ("Fobos" and   "Mars-96" 
Projects). Design developments on integration of  jettisoned vehicles for Fobos and 
Mars in-situ studies (Long-lived Autonomous Station and Probe "PROP" in the Fobos 
Project  Small Stations and Penetrators in the "Mars-96" Project) and Instruments- 
Engines Compartment, and Autonomous Propulsion Unit had been developed in frames 
of Projects "Fobos" and "Mars-96". These developments are suggested to use in the 
Project "MAKOS", proposing installation of unified adapter on the Instruments-Engines 
Compartment On the Compartment it is also suggested to install (together with units for 
rendezvous and docking SC "MAKOS" and ISS) in turn: pressurized compartment for 
payloads (on base of ferry "Progress-M" payloads compartment - see Fig.l), large-sized 
scientific instruments (different spectral ranges telescopes and so on), and small 
spacecrafts, which could be placed in their working orbits with help of SC "MAKOS . 
To implement mission of SC "MAKOS" as inter-orbital tug we must solved problems 
concerning re-fueling of its propulsion system from board of the ISS in circumstances of 

spaceflight. 
Also we will work out: possibility of attachment to SC "MAKOS" additional booster 
"FREGAT", and such two-stages version of SC "MAKOS"-tug operations (including 
issues on movement control system modification, changes in design etc.). 
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Fig. 1. Possible view of SC «MAKOS-T». 
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Ballistic Analysis of SC "MAKOS" Possibilities on SSC in-orbit Injection 

Let evaluate achievable parameters of SSC orbits, injection in which are possible 
with help of SC "MAKOS"-type (in this paper we don't consider issue on use of SSC 
propulsion for subsequent additional pulse to reach assigned orbit). Limitation in this 
case is the fact, that orbit achieved by SC "MAKOS" must provide its reliable return in 
the Station rendezvous orbit for subsequent docking with it and SC "MAKOS" 
servicing. Peculiarity of SC "MAKOS" return in ISS rendezvous orbit is necessity to 
take in mind mutual spatial position of working orbit's and rendezvous orbit's planes at 
initial time of maneuver (because of their different precessions). In optimal case 
expenditures of energy, connected with SC "MAKOS" return in the ISS rendezvous 
orbit, must not exceed expenditures of energy on working orbit transfer. 
Choosing of available orbits parameters, it is necessary to account requirements from 
certain SSC, which will be transferred in its working orbit by the tug. Because tasks of 
transferred SSC may be different, below we analyze ballistic options and give some 
relationships in form of graphs, which allow us to select orbit parameters for special 
SSC choices. 
Figure 2 depicts dependence between energy expenditures of SC "MAKOS"-tug, which 
would fired from the ISS rendezvous orbit to transfer into circular and elliptic orbits 
with inclination of i=51.6°. At calculating these dependencies we consider two-pulse 
scheme of transfer into working orbit. By the first pulse SC "MAKOS"-tug can be 
transferred from basic orbit with altitude Hcir=400 km and i=51.6° into elliptic interim 
orbit. In apogee of the orbit SC "MAKOS"-tug can be additionally pulsed, that increases 
its apogee velocity up to local circular one or ensures perigee height increment. 

dV, km/s 
4,5 

H, km 
10000 100000 

Fig. 2. Expenditures of energy (characteristic velocity - dV) for SC injected in orbits with 
altitudes H (i = 51.6 deg., elliptic orbits perigee - 500 km). 

Characteristic velocity margin for fully fueled propulsion unit of SC "MAKOS" (which 
is suggested to develop on basis of the booster "FREGAT") is ~1700 m/s. Attaching SC 
"MAKOS" another analogous Autonomous Propulsion Unit (APU), margin of 
characteristic velocity can be increased up to ~2630 m/s. It is clear that operation on 
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additional propulsion unit attachment would be carried out on the ISS with subsequent 
fueling of SC "MAKOS"-tug two-stage version. 

Analysis of graph on fig.2 :reveals that SC "MAKOS"-tug has following 
possibilities: 
• in basic composition (with one APU) - injection in circular orbits with i=51.6° and 

altitudes up to -2000 km, as well as injection in elliptic orbits with 1=51.6°, perigee 
500 km and apogee up to 4000 km; 

• with two APU - injection in circular orbits with i=51.6° and altitudes up to -4000 
km, as well as injection in elliptic orbits with 1=51.6°, perigee 500 km and apogee up 
to 10000 km. 

Let also consider possibilities of achievable orbit inclination growing at inter- 
orbital maneuver of the SC "lVIAKOS"-tug. 

Dependence of energetic expenditures (increment of characteristic velocity AV) 
at injection in circular working orbits with different inclination is depicted in Fig.3. 
Three-pulses sequence of maneuvers was considered for injection in these orbits. 
According the sequence, turn of velocity vector and, correspondingly, plane of the SC 
"MAKOS"-tug shall be fulfilled by pulse in apogee of the interim elliptic orbit. 

dV, km/s 

, degre 
50        55 60        65 70        75 80        85 90        95        100       105 

Fig. 3. SC Characteristic velocity expenditures via parameters of circular working orbits. 

For large values of SC "MAKOS"-tug orbit plane's turn angles we've considered 
version of transfer through infinity. In this case SC "MAKOS"-tug transfers from basic 
circular orbit into high eccentric elliptic orbit with help of main propulsion unit. SC 
velocity in apogee of such orbit is not great, and turn of velocity vector needs in small 
expenditures of energy. Pass throughout "infinity" may occur more profitable, when it is 
necessary both to change of orbit inclination and to increase simultaneously its altitude. 
In case of small turns and low orbits it is not any sense in transfer throughout "infinity". 
As follows from fig.3, possibility to increase inclination of SC "MAKOS" assigned 
orbit (accounting need in its return) is limited by considerable energy expenditures. So, 
for SC "MAKOS"-tug basic composition it can achieve circular orbit with altitude -400 
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km and inclination ~58°; and for two-APU version it can achieve circular orbit with 
altitude -400 km and inclination -62°. It is obvious that to change significantly final 
orbit inclination needs in another alternative. 
Possibility of SC "MAKOS"-tug return from assigned orbit into the ISS rendezvous is 
connected (besides additional energy expenditures) with time selection of SC start from 
assigned orbit, what can make minimal energy expenditures. In optimal case energy 
expenditures for SC "MAKOS"-tug return into the ISS rendezvous orbit may be equal to 
reduction of characteristic velocity at transfer into assigned orbit. 
Selection of optimal time for SC start to return from assigned orbit into the ISS 
rendezvous orbit is determined by fact of different precessions in case of orbits with not- 
coincided parameters. Precession rate of SC «MAKOS»-tug and of the ISS rendezvous 
orbit is determined by rate of orbits nodes shift (these nodes position is defined by time- 
variable angle of the orbit' ascending node longitude). In fig.4 one can see dependence 
between time for coincidence of orbital planes (assigned SC «MAKOS»-tug orbit -f- ISS 
rendezvous orbit) and assigned orbit height. It is considered height of circular orbit or 
apogee height of elliptic orbit, where inclinations of the assigned orbit and ISS 
rendezvous orbit are equal 51.6°. Analyzing graph on fig.4, one can conclude that at 
higher heights of orbits we obtain less time period till coincidence of orbits planes 
(orbits nodes). For orbits with heights slightly differed from height of the ISS 
rendezvous orbit this time may be unacceptable long (700 and more days) from point of 
view to plan SSC injection scenario. In this case, if necessity of the SC «MAKOS»-tug 
fast return in the ISS rendezvous orbit exists, it is possible to form interim orbits with 
parameters, which provide constant coincidence of orbits nodes (equal precession rates). 
From these orbits SSC should maneuver with help of own propulsion unit. 
Fig.5 depicts relation between time period of orbital nodes (for assigned SC 
«MAKOS»-tug orbit and ISS rendezvous orbit) coincidence and assigned orbit 
parameters (height and inclination). One can see that achievable orbits are coupled with 
necessity to wait nodes coincidence during long time. This needs in additional study. 

Conclusions 

SC «MAKOS» can be used (in principle) as space tug for in-orbit injection SSC 
with various missions, namely: 

small spacecrafts designated for Earth ionosphere and magnitosphere 
investigations - like Czech SSC MAGION4- in various low and middle-height elliptic 
orbits with inclinations coincided or near to the ISS one; 

spacecrafts designated for Earth atmosphere high layers - like spacecraft 
proposed in the Project TSS-22 - in low circular orbits with heights from 200 km to 400 
km; 

experimental/technological spacecrafts for mobile communication - like SAFIR- 
R22- in low orbits with height -600 km and inclination 62°; 

spacecrafts designated for astrophysical studies - like ASTRO-SPAS, but less 
sizes and mass - in low and middle-height orbits, including elliptic ones; 

spacecrafts designated for the ISS environment monitoring (including tasks to 
determine characteristics of space debris and dust surrounded the station) and remote 
viewing of the ISS modules external surfaces state. 
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Fig. 4. Time periods between coincidence of ascending nodes of SC "MAKOS 

-tug assigned orbit (1=51.6 degr.) and ISS rendezvous orbit (H = 400 km, 
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Developing such approach, it seems as expedient to carry out issues of SC 
«MAKOS»-type use as space tug for small spacecrafts with different missions in frames 
of the ISS Russian Segment Utilization Program. 

Works on issues of the paper are conducting in frames of the State Contract 
#851-4876/96 of 06/20/1996 (Research Work «PLASTIKA-2000») between Russian 
Space Agency and TSNIIMash. 
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OueHKa B03M0XH0CTH HCnOJlb30BaiIHJI MajIblX TpEHCnopTHblX 
KA fljia yßo^a c reociamioiiapiioH opoiiTbi KOCMH-ICCKHX 

oöteKTOB, B TOM qncjie Kpyimora6apHTHMx ajieMeirroB 
" KocMHMecKoro Mycopa " 

B.Ky3bMHHOB, A.PeM6e3a, B.Xeraö 
HHHKMaiii 

141070 r.KopojieB, MocKOBCKaa oöJiacTB 
yji.IlHOHepcKafl, 4 

OaKc: (095) 513 5420, (095) 513 4400 

PaccMaTpHBaeTCH pemeHHe npoöjieMBi TexHoreHHoro 3acopeHHa 06- 
JiacTH ^OKOJiocTaijHOHapHLix opÖHT ( OCO ) KpynHoraöapHTHBiMH sjieMeH- 
TaMH "KocMHTOCKoro Mycopa" ( 3KM ) nyTeM HX yBOßOB Ha opÖHTLi" 3axo- 
poHeHHa" c noMomLio cneHMajiBHbix MejKopÖHTajiBHtix 6yKCHpoB ( MajiBix 
TpaHcnopTHBix KA). 

Onpe^ejieHBi ocHOBHBie uejieBBie 3an;aHH pac*mcTKH oöjiacra OCO OT 

3KM, cocTaB H CTpyKTypa panHOHajiBHoro BapHama nocTpoeHHH KOCMH- 

HeCKOH CHCTeMBI paCHHCTKH   Ha OCHOBe KOCMHHeCKOH nJiaT(pOpMBI-HOCHTe- 
Jia (KUH) c aBTOHOMHBiMH oTflejiaeMbiMH MOÄyjiÄMH-6yKCHpaMH ( AOMB). 

OueHeHBI OCHOBHBie TeXHHHeCKHe XapaKTepHCTHKH OpÖHTaJIBHBIX KOM- 
njieKcoB (KUH H AOMB) cncTeMBi. 

B HacToamee Bpena ocßoeHHe KocMHqecKoro npodpaHCTBa, B TOM 

HHCJie OÖJiaCTH OKOJIOCTaHHOHapHBIX OpÖHT (OCO), CTajIO OflHHM H3 HeOTB- 
eMJieMBix H BaacHBix HanpaBjieHHH fleirrejiBHOCTH ^ejioBenecTBa H oxBaTHBa- 
e-T oöjiacTH TejieBHfleHHH, CBS3H, HaBHraHHH, HaöjHOfleHHH 3a 3eMJieH, Me- 
Teopojioran H flp. ßajiBHeHinee HHTeHCHBHoe Hcnojn>30BaHHe cnyrHHKOB Ha 
6JIH3KHX K reocTaHHOHapHOH opÖHxe (rCO) Be^eT K pocTy qncjia BBIBOäH- 

MBIX   B   OÖJiaCTB   OCO   KaK aKTHBHBIX KA, TaK H BBIineflUIHX H3CTPOH KA, 
BepxHHX CTyneHeH PH, paxeTHbix 6JIOKOB H ajieMeHTOB HX KOHCTpyKHHH. 
3TH naccHBHBie KOCMHTCCKHC oöbeKTLi o6pa3yiOT pynHora6apHTHBiH (c xa- 
paKjepHBiM pa3MepoM 6ojiee nojiyMeTpa) TexHoreHHBift "KocMiwecKHH My- 
COp"   ( KM )   B   OKpeCTHOCTH   TCO,   KOTOpBIH KpOMe 03#aHHJI OnaCHOCTH 
CTOJiKHOBeHHfl c aKTHBHBiM KA B ps«e cjiyqaeß MOJKCT HapyuiaTB ycjioBHH 
fljia HopMajiBHoro (pyHKUHOHHpoBaHHfl ycTanoBJieHHOH Ha 6opTy fleHCTByio- 
IBHX KA paflHOjioKaHHOHHOH H onTHKo-ajieKtpoHHOH annapaTypBi. 

HapamHBaHHe cymecTBytomero yace 3Ha*iHTeJiBHoro ypoBHH "3acopeH- 
HOCTH" o6jiacTH OCO crajio npeoöpeTaTt yrpojKaiomHH xapaiarep. B STöH 

CBH3H peuieHHe npoöJieMBi ycTpaHemra TexHoreHHoro 3acopeHH£ paccMaT- 
pHBaeMOH o6jiacTH aBJiaeTca aKTyajiLHOH 3aÄaqeft.  Cpe^H BO3MOXHBIX ee 
peuieHHH Hapafly c npeBeHTHBHbiMH MepaMH öopLÖBi c 3acopeHHeM KM, B 

T.H.   CB33aHHBIMH   C   yBO#OM KA K KOHHy ero aKTHBHOrO 4>yHKHHOHHpOBa- 

B.Ky3BMHHOB H JXP. 



row Ha opÖHTy "3axopoHeHHa", paccMaTpHBaeTca HenocpeÄCTBeHHaa pac- 
qHCTKa o6;iacTH OCO nyreM yBo^oB ajieMenroB " KocMHqecKoro Mycopa " 
(3KM) c noMomLK) cnemiajibHHX MexopÖHTajibHbix 6yKCHpoB. 

XapaKTep BJIHHHHH oöbeKTOBoii o6cTaHOBKH no 3KM Ha (J>yHKUHOHH- 
poBaHHe aKTHBHbix KA onpeflejiaeT H pa3Htie nejieBbie 3a^aqH pacHHCTKH 
oöjiacTH OCO OT 3KM Me:scop6HTajibHbiMH öyKCHpaMH. IIpo6jieMa pac- 
qHCTKH OCO  OT "KocMHwecKoro Mycopa" MoxeT 6BITB ycjioBHo pa3ÄejieHa 
Ha 3 BH^a 3SL%m: 

3aflana A. PacqncTKa o6jiacTH OCO OT 3KM äO «onycTHMoro CJMKCH- 

poßaHHoro ypoBHH 3acopeHHOCTH ( oKOJio 400 3KM) 3a 3aflaHHoe BpeMH 

(T3>- 3aaana B. nojwepxaHHe 3aaaHHoro ypoBiw 3acopeHHocTH oönacra 
OCO Ha BpeMeHHOM HHTepBajie T3. 

3aflana B. npeßOTBpameHHe   KpH3HCHbix   CHTyaHHH, B03HHKaiomHX 
OKOJIO aKTHBHBIX KA H3-3a onaCHblX CÖJlHXeHHH c 3KM. 

CoBOKynHocTb MeacopÖHTajibHbix 6yKCHpoB, Kaambffl H3 KOTopbixjjpeß- 
cTaBJüieT co6oH KocMHHecKyio njiaT(J>opMy-HOCHTejib (KUH) c aBTOHOMHbi- 
MH oTÄejiaeMbiMH MOÄyjWMH-öyKCHpaMH (AOMB), npeflCTaBJiaiomHMH co- 
6OH no cyTH Majibie TpaHcnopTHbie KA, a TaKxe KOMnjieKCOB Ha3eMHbix 
cpe^cTB ynpaBJieHHa, TpaHcnopTHbix CHCTCM BbiBeßeHHH KUH Ha opÖHTbi H 
BHeuiHHX npHBJieKaeMbix cpe^cTB KoopflHHarao-HHcpopMaHHOHHoroJoecne- 
qeHHJi o6pa3yiOT KOCMHHecKyio CHereMy (KC), npeÄHa3HaqeHHyio äJIH pac- 
qHCTKH oöjiacTH OCO OT 3KM. YnpomeHHafl (pyHKHHOHajibHaa cxeMa KC 
npHBe^eHa Ha pHc.l. 

KaxcÄaa KocMHHecKaa roianpopMa-HocHrejib BBIBOAHTCH B 3anaHHyio 
Toqxy "cToaHHa" Ha TCO (HJIH Ha oKOJiocTanHOHapHyio opömy "6a3HpoBa- 
HHH"), H3 KOTopoH HenocpencTBeHHO HaHHHaeTCH BbinojiHeHHe H&neBbix 3a- 
Äan. iipH 3TOM KUH MoaceT JIHöO oöecneqHBaTb noaiieÄOBaTejibHbiH oÖJieT 
3aÄaHHbix 3KM c "npHuejibHbiM" nycKOM no HHM 6opTOBbix AOMB, JIH6O 
ocymecTBjiHTb (H3 ToneK "cTOflHH«") nocjicuoBaTejibHbie nycKH Haxoflaiinix- 
CH Ha ee 6opTy AOMB AJIH yBo^oB HMH "CBOHX" 3KM. Ha 6opTy oTejibHoft 
KnH MoxeT HaxoflHTbca ÄO 6-:-10 AOMB. 

YToqHeHHH napaMeTpoß flBHxeHHü KÜH npoH3Bo/iHTC5i c noMombio 
KaK ÖOpTOBOH aBTOHOMHOH CHCTeMbI, TaK H BHeuiHeH npHBJieKaeMOH HaBH- 
raHHOHHOH CHCTeMbI (HanpHMep, THna 'TjioHacc"). 

UejieyKasamie (UY) äJIH Ka^oro AOMB TOTOBHTCA B nenrpe cpopMH- 
poBaHHH KaTajiora o6beKTOBOH oöcTaHOBKH H Bbi^aHH liy. no penieHHio 
KOMaHÄHoro nyHKTa ynpaBJieHHH  ( KnY ) OHO 3aaaeTca Ha KnH qepe3 
cpeflCTBa npHeMa H nepe^a™  HH<popMaHHH  (CB5I3H H peTpaHCJumHH). B 
HeHipe 4>opMHpoBaHH5i KaTanora ocymecTBJiaeTCH nocTOHHHoe cjiexeHHe 3a 
HejieBOH oöcTaHOBKOH, (popMHpyeMOH no flaHHbiM HaöjiiOÄeHHH 3a KOCMH- 

qecKHMH o6beKTaMH (KO) c HHtpopManHoHHbix cpe^cTB Ha3eMHoro H KOC- 
MHHecKoro 6a3HpoBaHHa. 

nojieT AOMB K 3KM nooie oraejieHHH OT KnH ocymecTBJiaeTca B 

aBTOHOMHOM pexcHMe no 3ajio3ceHHOMy nojieTHOMy sa^aHHio: npH ÄOCTHace- 
HHH flaJIbHOCTH fleHCTBHH   6opTOBOH   HH(J)OpMaHMOHHOH CHCTeMbI   ( BHC ) 

B.Ky3bMHHOB H ÄP- 



AOMB npoH3BOÄHTCH ee BKJiioqeHHe, IIOHCK 3KM H ero 3axBaT "naccHB- 
HOH " onTHKo-ajieKTpoHHOH annapaTypoH BHC, «ajiee ocymecTBjraeTCfl 
CÖJIHXeHHe   C   3KM   C   HCnOJIB30BaHHeM   HH(J)OpMaii;HH   OT JIOKaHHOHHBIX 
cpe#CTB BHC, MexaHHHecKHÖ 3axBaT 3KM ycTpoHCTBOM 3axBaTa AOMB H 

ero yBOÄ Ha opÖHTy "3axopoHeHHa". ELocjie npoBe^eHMH Kaamoro STana aK- 
HHH yBo^a AOMB BLmaeT cHraaji o BbinojiHemiH onepaHHH Ha KIIY. 

CHO 

HCIIIIH 

CB 
—^ 

Kny U[0>K H uy 

PHC. 1. 

KITH - KocMH^ecKHe miaTcpopMbi-HocHTejiH 
AOMB - aBTOHOMHBie omejraeMBie MOflyjiH-ÖyKCHpti 
3KM - sjieMeHTti "KocMH^ecKoro Mycopa" 
CHO - cpeflcraa naBMrauHOHHoro oöecneneHHH 
CHÖ - cpe^cTBa HHcpopMauHOHHoro oöecneqeHH« 
CCP - CnyTHHKH CBH3H H peTpaHCJIflUHH 
CnnH - cpe^cTBa npneMa H nepeaa^H HHCpopMauHH 
Kny - KOMaHflHBiH nyHKT ynpaBJieHHa 
I]cI>K H Uy - uemp 4)opMHpoBaHHfl xaTajiora H BtmaHH 

HejieyKa 3aHHH 
CB - cpe,n;cTBa BBiBe,n;eHH5i KnH Ha op6HTy. 

KIIH nocjie nycxa CBoero nocjie#Hero AOMB nepeBOÄflTCfl Ha opÖHTy 
"3axopOHeHHa". 

3anycKH HOBBIX KnH c AOMB Ha pa6o*ffle opÖHTBi ocymecTBJiaioTca 
cpe^cTBaMH BLiBefleHHa H iuiaHHpyioTCH Ha Kny B COOTBCTCTBHH C rpa4)H- 
KOM npoBefleHHfl pacHHCTKH OT 3KM o6jiacTH OCO. 

B.Ky3bMHHOB H ffp. 



Pe3yjiKraTH pacqeTa BapnaHTOB pemeHHa 3-x BHäOB 3anaq pacHHcnai 
o6jiacTH OCO OT 3KM no3BOJMiOT c^ejiaTb cjieflyiomHe ocHOBHbie BHBOäH: 

1. JiflSL coBpeMeHHoro ypoBHH 3acopeHHOcTH H ÄHHaMHKH ee H3MeHe- 
HHfl B oßjiacTH OCO (Ha Hanajio 1998 r. HacraTbrnaeTca OKOJIO 500 Kpyn- 
Hora6apHTHbix KO - aneMeHTOB "KocMHqecKoro Mycopa", exeroÄHbifi npH- 
pocT paßeH He MeHee 25 3KM) pacHHCTKa STOH oöJiacTH KII, a HMCHHO 
peuieHHe sa^aq AHB,  cTaHOBHTca aKTyajibHOH yace Ha«aHHOM 3Tane 
BpeMeHH. 3TO oöcrojiTejibCTBo B qacTHOCTH noÄTBepjKÄaeTca nojiyqeHHbiMH 
pesyjibTaTaMH peuieHH« sa^aqn A, yicasbiBaioinHMH Ha Heo6xoÄHMocTb 
oöecneqeHHH BHCOKHX TCMHOB sanycKOB KITH  ( «o ~8 pas B roÄy ) B Teqe- 
HHe 10 JieT, qTo aBJiaeTca yxe KPHTHHHHM Kax no sKOHOMHqecKHM, Tax H 

no BpeMeHHbiM (paicropaM. 
2. OneHKH, nojiyqeHHbie HJIH pa3JiHqHbix BapnaHTOB TeMna 3acopeHH5i 

oßjiacTH OCO 3KM, noKa3biBaiOT Ha BaxHoerb npeBeHTHBHbix Mep no 
CHHXeHHK) ypOBHH SaCOpCHHOCTH. H OÄHOH H3 TaKHX Mep aBJIHCTCH yBejiH- 
qeHHe cpoKa aKTHBHoro cymecTBOBarora KA Ha TCO AO 10-:-15 JieT. 

B 3T0M cjryqae oöecneqHBaeTca cHHxeHHe cKOpocra npnpocTa 3KM 
Bcpe^HeM Ha 5 e«. B TOP,. Tor«a noTpeÖHbra cpeÄHero^oBOH TeMn sanycKOB 
KI1H Ha opÖHTbi MoxeT Haxo^HTbca Ha ypoBHe 3-:-4 ea. 

3. B nejioM pe3yjibTaTbi peuiemiH yKa3aHHbix 3aaaq c yqeTOM OTBOäH- 

Moro nm 3Toro BpeMeHH no3BOJiniOT: 
- onpeaejiHTb panHOHajibHbiK cocTaB KUH Ha opönre; 
- onpe^ejiHTb Heo6xoflHMoe KOjraqecTBO AOMB Ha KIIH; 
- onpe^ejiHTb pauHOHajibHbie "TO^KH CTOKHHA" BbiBOflHMbix KITH; 
- oöocHOBaTb HeoßxoflHMbrä ypoßeHb 3HeproBoopyxeHHocTH (3anaca 
- xapaicrepHCTHqecKOH cKopocra Ha MaHeBpbi) Ka^oro AOMB; 
- onpeaejiHTb TpeöoBaHHH K fljiHTejibHocra aianiH yBOjja onacHoro 

3KM; 
- npeflbHBHTb TpeÖOBaHHM K BHeiUHHM npHBJieKaeMHM cpe^cTBaM H 

T.Ä- 
Bo3MOJKHbie TTX paccMaTpHBaeMOH cncTeMbi pacqncTKH, nojiyqeHHbie 

no pe3yjibTaTaM npoBefleHHbix HccjieaoBaHHH, npHBeaeHbi B Taöjmne 1. 
OflHHM H3 OCHOBHHX SJieMeHTOB paCCMaTpHBaeMOH CHCTeMbI 5IBJI5I- 

eTca cnennajibHaa KIIH. 
B cocTaB KUH äOJIXHH BXOÄHTb: 
- AOMB; 
- TpaHcnopTHo-nycKOBbie KOHTeifflepbi,  o6ecneqHBaioiHHe HeooxoflH- 

Mbie ycjioBHa xpaHeHHfl AOMB Ha 6opTy KnH; 
- 0#y flJia npHBeÄeHH« KÜH B "ToqKy CTOHHHH" Ha pa6oqeii opÖHTe 

"6a3HpoBaHHfl",  opHeHTanmo H cTa6HJiH3annio KnH H Bhwaqn 
HMnyjibcoB AM nepejieTa Ha CBOIO opönry "3axopoHeHH5i"; 

- 6opTOBbie CHCTeMbI (ynpaBJieHHH, 3HeprocHa6xeHH5i, TepMoperyjra- 
pOBaHHH H Pp.). 

Bo3MOXHbie xapaKTepHCTHKH KnH npHBeaeHbi B TaoJinne 2. 

B.Ky3bMHHOB H ÄP- 



N° 
n/n 

1 

3. 

4. 

5. 

XapaicrepHCTHKa 

6. 

PeuiaeMbie uejieBbie 3a#a<m: 
- pacHHCTKa oöJiacTH OCO OT 3KM no 

(pHKcnpoBaHHoro ypOBHfl 3aCOpeHHOCTH 3a 
3a,n;aHHoe BpeMa, 

- noAnepxanne ,ii;onycTMMoro ypoBroi 
3acopeHHocTH Ha 3a^aHHOM HHTepBajie 
BpeMeHH, 

- onepaTHBHoe npcuoTBpameHne KpH3nc- 
HBix cinyauHH, o6pa3yK>m;Hxca npn 
onacHOM c6jiioKeHHH 3KM c KA. 

CocxaB cHCTeMBi: 
- op6HTajiBHaa rpynnnpoBKa KUH c 

AOMB; 
- HH4)opMan,HOHHO-ynpaBJiaioiii;HH KOH- 

Typ, COCTOflinHH H3 KOMaHflHC-rO nyHKTa 
ynpaBJieHHa, ueHrpa (popMHpoBaHHH 
KaTajiora 3KM H BbmaqH nejieyKa3aHHH, 
cpeflCTB npneMa H nepenaHH HH(popMau,HH; 

- npuBJieicaeMbie BHeuiHHe HHcpopMann- 
OHHbie CHCTeMLi; 

- CHCTeMBi Tpai-icnopTHo-TexmraecKoro 
o6ecneqerora. 

KojinqecTBO KUH B cncxeMe 

KojiHHecTBo AOMB Ha OäHOM KUH 

napaMeTpBi op6MT "6a3HpoBaHHfl" KITH: 
- ran 

- BBICOTa 

- HaKJioHeHHe 

- ÄOJiroTa "TQ^KH CTOHHHH" 

^JiHTejibHOCTB ysofla oflHoro 3KM O^HMM 

AOMB 

H3M. 

TaöjiHua 1. 

3HaneHHe 

UIT. 

niT. 

KM 

paa 

pafl 

cyr. 

3-4 

6 

OKOJIO- 
cranno- 
HapHaa 

35800 + 
1500 

0-:-15 

0-360 

ao 7 

B.Ky3BMHHOB H flp. 



npoÄOJKKemie Ta6jiHu;bi 1. 

üapaMeTpbi opÖHTbi "3axopoHeHHü": 
- THn 

BbICOTa 

- HaKJioHeHHe 

riapaMeTpbi YBOäHMLIX 3KM: 
- Macca 
- raöapHTHbie pa3Mepbi KopnycoB: 

B (popMe npH3Mbi 
B (pOpMe UHJIHHflpa 

ITpHBjieKaeMbie BHeuiHHe cHCTeMbi: 
- Ha6jiio,zi;eHH« H KOHTpojia Kn 

CBJI3H H peTpaHCJIJmHH 

10. 

HaBHraitHH 

CHCTeMa TpaHcnopTHo-TexHMHecKoro 
oÖecneqeHHH 

KM 

rpan 

Kr 

M 

M 

OKOJIO- 

KpyroBaa 

~39000; 
-36100 

0-:-15 

~1500 

2x3x6 

4x6 
Ha3eMHaji 

CKKIIH 
KOCMHHeC- 

Kaa CHCTe- 

Ma Ha6jiio- 

fleHHH 3a 

KO B 06- 
JfiaCTH 

oco 

paÄHOJIH- 

HHM KOC- 

MH^eCKOH 

H Ha3eM- 

HOH CeTH 

CBH3H 

EKHC TH- 
na TJIO- 
Hacc" 

PH THna 
"IlpOTOH" 

c PE, TK 
HCK 

B.Ky3bMHHOB H flp. 



TaöJiHija 2 

No 
n/n 

XapaKxepncTHKa EÄ. 
H3M. 

3HaqeHHe 

1. Macca BBIBOäHMOM Ha op6nTy "6a3Hpo- 
BaHHH" KnH 

Kr 2770 

2. CyMMapHLiH 3anac xapaKTepHcranec- 
KOH   CKOpOCTH 

M/C ~200 

3. KojinnecTBO AOMB UIT. 6 

4. BpeMa aKTHBHoro cymecTBOBaHHK Mec. 1-3 

5. TaoapHTHBie pa3Mepti: 
- AnaMeTp M ~4.0 

- ÄJiHHa M ~1.4 

B cooTBeTCTBHH c nejieBBiM Ha3Ha*ieHHeM B cocTaB AOMB, flojracHbi 
6BITB BKJiioHeHBi cjieziyioiuHe 6opTOBbie cpeßcTBa: 

- ycTpoHCTBo 3axBaTa 3KM; 
- 6opTOBaa HHCpopMannoHHaa cncTeMa; 
- 6opTOBon KOMnjieKC ynpaBJieHHü B cocTaße CyH,, CYBA, EIJBK, 

CTH; 
- cHCTeMy sjieKTpocHaöxeHHH; 
- o6BeÄHHeHHyio ÄBHraTejitHyio ycTaHOBKy; 
-annapaTypy CBH3H H cncTeMy TepMoperyjiHpoBaHHa. 

Bo3M03CHBie TexHnqecKHe xapaKTepncTHKH AOMB npHBe^eHBi B Ta6- 
jinne 3. 

TaKHM o6pa30M, nojiyqeHHBie oneHKH OCHOBHBIX TexHH^ecKHx xapaic- 
TepHCTHK   OpÖHTaJIBHBIX   KOMnJICKCOB   KOCMH^eCKOH   CHCTeMBI   paCTHCTKH 
noKa3BiBaioT Ha npHHHHnHajibHyio BO3M03CHOCTB penieHHH npoöJieMBi 3aco- 
peHHfl o6nacTH OCO OT 3KM nyreM HX yßo^a Ha opÖHTti u3axopoHeHHa" c 
noMoinBK) Majiopa3MepHBix KA-öyKcnpoB. 

B.Ky3BMHHOB H flp. 



Taöjimua 3 

No 
n/n 

1. 

3. 

4. 

5. 

XapaKTepncTHKa 

CTapTOBaa Macca AOMB 

Tnn 6opTOBOH HHcpopMannoHHOH 
CHCTeMbI 

3anac xapaKTepHcnraecKOH cKopocTH 
npn yBO^e 3KM Ha opömy M3axopo- 
HeHHfl" c npeBLiineHHeM no BticoTe: 

- Ha 3000 KM 

- Ha 300 KM 

BpeMfl aKTHBHoro cymecTBOBaHHa 

ra6apHTHBie pa3Mepbi: 
- ÄnaMeTp 

- ÄJiHHa 

Efl. 
H3M. 

Kr 

M/C 

Mec. 

M 

M 

3Ha*ieHHe 

'270 

OnTHKO-SJieKTpOH- 
Haa annapaTypa + 
jia3epHBiH ÄajiLHO- 

Mep 

2100 

~870 

5-:-7 

~1.12 

~1.1 

B.Ky3bMHHOB H Äp. 



Assesmeiit of possibility to use small transportation 
spacecraft to remuve from geostationary orbit space 
objects including läge elements of space debris. 

V. Kuzminov, A. Rembeza, V. Khegai 
TsNIIMash 

Korolev Moscow Region, Pionerskaya str. 4, 
141070 RUSSIA 
FAX: (095) - 513 - 5420 

There are considered ways to settle the problem of techno-genic conta- 
mination of near-geostationary orbit ( NGO ) space with lage-sized debris 
(LSD) by means of transferring them to disposal orbits with the help of dedi- 
cated inter-orbit boosters ( small trasportation spacecraft). 

Defined are main pupouse tasks connected with cleaning of the NGO 
from LSD, composition and structure of a ration verson of a cleaning space 
system basing on space carrier platform ( SCP ) with autonomouse detacha- 
ble tug-modules (ADTM ). 

Main technical perfomance of orbital vehicles ( SCP and ADTM ) are 
also assessed. 

V. Kuzminov ... 
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HcCJieflOBaHHe BOIIpOCOB B03MCKKHOCTH C03flaHHfl 
rJIo6ajIbHOH KOCMITCeCKOH CHCT&Mbl HHCneKHHH 

Ha 6a3e Majiora6apHTHWx KA 

PafiKyHOB r.r., PeMÖesa AM., PoMaHOBCKHH JI.M., Ky6aHOB A.A. 

IJHHHMaiii, 
PoccHHCKoro KocMiwecKoro areHTCTBa 
141070  r. KopojieB, yn. ÜHOHepcKaM 4 

<DaKc: (095)-187-1511 

CHCTeMa npeflHa3HaneHa pa KOHTPOJW 3a co6jno#eHHeM Me^K^ym- 
poflHbix corjiaineHHH o 3anpemeHHH MHjiHTapH3amiH KocMiraecKoro npo- 
cTpaHCTBa. OHa oÖHapy^HBaeT KocMHHecKHe oftbeKTbi, nojiyqaeT flaHHbie o 
TeKymHX napaMeTpax HX flBtDKemra H npOBOflHT HeoÖxoflHMbie H3MepeHHa B 

oKpecTHOCTH KOHTpojiHpyeMoro o6i>eKTa. 
OcHOBy cHCTeMbi cocTaBJiaroT KA, ocHameHHbie oirraKO-arieKTpoHHOH 

npaeMHOH annapaTypoii H MajioraöapHTHbiMH cpeflCTBaMH flocTaBKH H3Me- 
pHxejibHOH annapaiypbi B oKpecTHocTb KOHTpojiHpyeMoro oöbeKra. 

B flOKJia/ie npoBe^eH aHajiH3 Macco-aHepreTiwecKHX xapaKrepHCTHK 

COCTaBHblX 3JieMeHTOB CHCTeMM. 
CTpyicrypHaa cxeMa cucreMbi OTpajKaeT cocTaB a B3aHMO«eHCTBne 

ocHOBHbix H BcnoMoraTejibHbix arceMeHTOB. 



Creation Problems Study of 
Global Inspection Space System 

on the Base of Small Space Vehicles 

Raykunov G.G., Rembeza A.I., Romanovsky L.M., Kubanov A.A. 

TsNIIMash RSA 
Pionerskaya, 4, Korolyov City Moscow Region, 

141070, Russia 
Fax:(095)-187-1511 

The system is intended for supervision of the international agreements 
on space militarization prohibition maintenance. The system detects space 
objects, their movement parameters data acquisition and performs required 
measurements in the area around the monitored object. 

Small-sized SV are equipped with opto-electronic detection instruments 
and with means for delivery of the measurement instruments to the location 
of the monitored object. 

Analysis of SV mass-power characteristics and the system composition 
and its primary and support interfaces are described in the report. 



Hcnojib30BaHHC opfui rajibiibix TpocoBbix CHCTCM nprt BMBCAeiiHH MaJiux KA 
(MKA) na paGoMHe opöiiTW H B xoAe onepauHH no B03BpamenHio MKA c mejibio 

HX nocrie/tyioiucro noBTopiioro ncnojibJOBaiiiia 

B.JIyKbHmeHKO. B.BopHCOB, F.ycneHCKHH, B.CeMeHneHKO, H.KoMHCcapoB, 
C.OeaopoB. B.ripy;ucor;iflxi, A.ßanHJieHKo, C.JIaryuiHHa, A.UbiGyjiHH, K.EJIKHH 

HHMMMaui 
141070 r.KoponeB, MocKOBCKaa oöaacxb, 

ymiua riHOHepcKaa, 4 
Oai<c: (095)513-42-92 

Pcd)cpaT 

Hpejuiaraexca KOHuenuH« Hcnojib30BaHHa MKC IOK uempa no/iroxoBKH H 

ynpaBJieHHa SKcnjiyaxauHefi MKA, ^ynKUHOHHpyiomHx B HH<j>pacTpyierype MKC. B 
paMxax KOfiuenuHH paccMaxpHBaioxca nepcneicraBM HcnoJib30BaHHa MKA 
pa3JiHMHoro H-d-iumeimn, B XOM HHCJie - nepHOAHMecKH o6cny>KHBaeMbix c noMombio 
TexHHHecKHx cpeacTB MKC. FlpeAJiaraexca npHMenaxb opOHxanbHbie xpocoBbie 
cHCTeMH i<ai< Ana ocymecxBJienH« Me>Kop6HxajibHbix nepexoflOB MKA, xax H ana 
opraiiH3annH 3Kcnezu-mHH npHBjmibix cyöcnyxHHKOB. B sxofi CBa3H B pa6oxe 
paccMaxpHBaioxca riepcrieiaxiBbi xpocoBbix cncxeM oxenecxBeHHoft pa3pa6oxKH 
(KOTopsie Moryr 6i,irb pa3Meinei-ibi tcaic na 6opxy AKA XHna «MAKOC»1, rpy30BHX 
xpancnopxiibix KopaSjieft «ITporpecc-M», xai< H Ha 6opTy Moayjieft poccHÄCKoro 

cenvienxa MKC). 
nouyneiiHbie oueiiicn  noKaibmaiox sc^eKXHBHoexb  npHMeHeHH» TPOCOBMX 

CHCTeM   C   XOMKH   3peHHJI   CymeCXBCHHOH   3KOHOMHH   (fiO   80%)   6opTOBbIX   3anaCOB 
xonjiHBa MKA, MTO cnocoÖHO i<ai< 3iiaiiHxejibHO npofljiHXb cpoK ero nojiexa, xax H - 
npH Heo6xoÄHMOcTH - ziaxb B03Mo>KHocxb MKA ocymecTBHTb aKXHBHbifi MaHeBp no 
c&iHHceHHio H cTHKOBKe co examined, fljia 3xoro cjiynaa H3ynaexca KaK BO3MOHCHOCXB 

CTHK-OBKH MKA Ha cnemiajrbHO BbweJienHbift pjix SXHX uenefi CTHKOBOHHHä y3eJi, xax 
H B03MO)KHOCTb noziöopa MKA cxaHHHOHHttMH poGoxoxexuHqecKHMH cpe^cxBaMH 

(Mani-inyaaxopaMH H X.IL). 

B cjiy^ae opraHH3auHH sKcneflHUHH npHBfl3Hbix MKA xpocoBaa cncxeivia 
no3Boxaex npoBOjiHTi,  HX   MHoroKpaxno,  CBepxbiBaa xpoc,  o6cay>KHBaa  MKA Ha 
6a30B0M OÖ'beKXe CHCXCMM H BHOBb pa3BepXbIBaa XpOC C HpHBJBHblM MKA. 

06cjiy>KHBaHf-ie MKA npe/icxaBxaexcH neoöxoAHMbiM xaoce B cnynae 
Hcnoiib30BaiiHM na HX 6opxy yHHKajibiibix npHÖopoB (xHiia MHoroicaHajibHoro 
cneicrpoMexpa VIMS H x.n.), Koxopwe >icejiaxeabiio 3KcnnyaxnpoBaxb xax MOKHO 

flOJibuie H Ha pa3JiHMHi,ix op6nxax, H ana MKA xnna «Mucnexxop». 

Bo3MO?KHOC MCCTO MKA pa3JlHHIIOrO na3HaMCHHH B HHdwaCTPVKTVPe MKC 

OIII.IT siccrmyaxam-iH cxaeiitiH «Mwp» noKa3£ui, HTO scJxpeKXHBHocxb 
Hcnoab30BanHM uejießoPi arrnapaxypbi H npoBeaeHvia sxcnepHMenxoB MO>i<ex 6bixb 
cymecxBeHHO riOBbiniena nyxeM Hcnojib30Bairaa B HHCppacTpyxxype cxaHinra 
CBo6ozHiOJieTMiuHX oöcjiyjKHBaeMHX aBXOMaxHHecKHX KA H xpocoBbix cncxeM, 
o6ecne4HBaioDiHX B03MO>ioiocxb yaajieHHa ox cxarmHH na 3aflaHHbie paccxoaHHa H 

B.JTvKbfimei-iKo 



aBTOHOMHoro (l)yHKUnoi-inpoBaHHfl uejieBofi annaparypbi, a Taoce BO3MOKHOCTB 

onepaTHBHofi ÄOCTaBKH na 3eMjiio pe3ynbTaT0B HccjießOBaHHH. 
B nacroamee BpeMH B HHMHMAIII COBMCCTHO C Koonepaimen (PKK 

"SHepraa" H zip.) pa3pa6aTbiBaeTca npoeKT aBTOMaraHecKoro o6cJiy>i<HBaeMoro KA 
"MAKOC-T"      RJlil     MHKporpaBHTai^HOHHblX     H    TeXHOJIOrHHeCKHX     HCCJießOBaHHH, 
oöJiaAaiomero cnocoönocxbio KaK aBTOHOMHoro ({)yHKUHOHHpoBaHHfl Ha opÖHTe, TaK H 

Me>Kop6HTajibHoro MaHeBpnpoBaHH» pfln c6jiH>KeHHa H CTBIKOBKH C MKC. 
TaioKe oöpamaeT Ha ceöa BHHMaHHe MHorooöemaiomee HanpaBJieHHe 

Hcnojib30BaHHH BMBo^HMbix c 6opTa MKC Maribix KA pa3JiHHHoro nejieBoro 
HaaHa^eHHJi. OHH Moryx Hcnojib30BaTbCH -no^oÖHo HeMenKOMy MKA «HHcneKTop»- 
AJia HaÖJiiozieiiHK 3a COCTOKHHCM BHeuiHHX noBepxHOCTefi Mo/iyneft CTaHHHH. 
(BepoHTHo npHMeHeHHe TaKHx MKA B npHBH3HOM BapHamre, c nocjie/jyioHnrM 
B03Bpamei-iHeM na cxanuHio H noBTopHbiM Hcnojn>30BaHHeM.) MKA B HH^pacTpyKType 
MKC AOJi>KHw Taioice peinaTt sa/ia^H sjieKTpoMaraHTHoro MOHHTopHHra B 

OKpecTHOCTMX CTannHH, 0Tcne»<HBaTb TaM nbiJieByio oöcTaHOBKy. BO3MO>KHO TaKace 
HcnoJib30BaTb craHUHio äJIK npoßeaeHHa B poKHMe Tejiecanenc noJieTOB MKA 
njia3Mo4)H3MiiecKoro Ha3HaneHHfl Ha 3HaHHTejibHbix y/janeHHax OT craHUHH, a TaioKe 
3KcneAHUHH MKA B HH'repecax HCcneÄOBaHHH BepxHeö aTMOc^epbi 3eMJiH. B STOM 

cjiynae nonoöi-ibie MKA Moryr BbiBOAHTbca Ha paöonne opÖHTbi c noMouxbio 
MoicopÖHTajibHoro 6yi<CHpa, B ponn KOToporo MO>i<eT BbicTynHTb AKA «MAKOC», 
B03MOKHO, OCHaiHeHHbffl H TpOCOBOH CHCTeMOH. 

Bo3MO>KHOCTH HCnOJIb3QBaHH« TPOCOBhlX CHCTCM IIPH BblBCHCHHH MKA Ha 

Ha npoTH>iceHHn pfl#a JieT HHHHMAIII COBMCCTHO C PKK «SHeprna», MAH, 
HKH PAH, HP3 PAH H HnO MaiuHHOCTpoeHHa npoBO/iHT CHCTeMHbie HccjießOBaHHH 
B03MO>KHOCTeH 3(lx])eKTHBHOrO npHMeHeHHa B COCTaBe CTaHUHK TpOCOBblX TeXHOJIOrHH 
/Uia peuieHHfl KaK TpaucnopTHbix 3a^an (CTBIKOBKH, ßecaHTHpoBaHHa rpy30B Ha 3eMjno, 
y^aneHHa OTXOAOB), TaK H HayHHbix HccjieAOBaHHH - B ^acTHOCTH, Ha 6a3e npHMeHeHHa 
3jieKTpo^HnaMHHecKHx TpocoBbix CncTeM (3,2TTC). npn STOM paccMaTpHBaioTca 
BO3MO>KHOCTH      npHKJiazmoro      npHMeHeHH»      3fl,TC      ana     flonojiHHTejibHoro 
3JieKTpOCHa6>KeHHJI H KOppeKUHH OpÖHTbi CTaHUHH. 

ripeAcraBJiHeT HHTepec aHanra Hcnojib30BaHHa B KanecTBe Me>i<opÖHTajibHoro 
öyKCHpa jxmi MKA - AKA «MAKOC», ocHameiiHoro 3jieKTpoflHHaMHciecKOH TpocoBofi 
CHCTeMOH.  B  OCOÖeHHOCTH  npHBJieKaTeJIbHO BbirJiaflHT B03M0>KH0CTb HCnOJIb30BaHHa 
B3aHMoaeHCTBHH 3/^TC c reoMarHHTHMM noneM flna op6HTajitHoro MaHeBpa c 
H3MeHeHHe yraa naKjTOHeHHst nnocKocra opÖHTbi TpocoBofi CBH3KH, Ha KOTopyio, B 

nacTHOCTH, yi<a3ano B cnpaBOHHHKe2. 
Taic, coraacHo npe^BapHTeubHOH oueHKe, cjie/iyiomeH jioraKe paöoT2'3'4 wia 

H3MeHeHHJI   IiaKJTOHeHH«   nJIOCKOCTH   OpÖHTbi   TpOCOBOH   CBH3KH   AKA   «MAKOC»   - 
3/TJC - npnBH3H0fl MKA na 20° (c 51,6° w 71,6°) noTpeöyeTca -41,5 cyroK. 

npoBczjeivi TaioKe npe^BapHTe^bHyio cpaBHHTejibHyio oneHKy B03MO>KHOCTeH 
Hcnojib30BaHna fljia MOKopÖHTajibHbix nepexoaoB flBHraTejibHoft ycTaHOBKH AKA 
«MAKOC» H 3ATC, pa3BepTbiBaeMOH c 6opTa AKA «MAKOC». npn STOM zionycTHM, 
MTO BejiHHHHa HH^yHHpyeMOH B npoBo^ameM Tpoce s.ß.c. BCJiezicTBHe ero ABH^ceHHa B 
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reoMarHHTHOM none nocxoaHHa H paBHa 0,15 BOJIBT Ha noroHHbin MeTp 
ajreioponpoBcwimero Tpoca. 

Hcnojfb30BaHHe 3,ZJTC B cocTaBe AKA «MAKOC» npe/uiojiaraex ^oocHameHHe 
AKA cjiejiyiomeH annapaxypoß: 
• MHoropa30BH5i  jieöeßKa ,zyia pa3BepxbiBaHna H CBepxbiBaHHa xoKonpoBOflamen 

TpOCOBOH CHCTeMbi; 
• npHB«3HOH KOHTCHHep (K HeMy BO3MO>KHO noflcoe/niHeHHe 6yKCHpyeMoro MKA) c 

ÖJiOKOM KOHTaKTopHbix ycxpoficxs H 3anacoM paöonero Tejia KOHTaKropoB; 
• ÖJ10K KOHTaKTOpHWX ycxpoöcxB B COCTaBe KA. 

Ha pnc. 1 H 2 npeacxaBjieHbi pe3yjibxaxbi BbinojmeHHa xpaHcnopxHbix onepannH 
no 4)opMnpoBaHH[o pa6oHHX op6nx AKA «MAKOC» H nocjieayiomero ero 
B03BpamenHJi na MOHxa>Knyio op6nxy cxannHH JIH6O C Hcnojib30BanHeM ABHraxejibHofi 
ycxanoBKH 6ojibi.uoH xarn (pHc.l), JTHöO C Hcnojib30BaHneM 3JXJC pa3JiHHH0H äJIHHH 

(pHC.2).      Opi-l      OUeHKe      3(t)C])eKXHBHOCXH      HCn0Jlb30BaHHH      3JXTC      npHHHMaJIHCb 
oneAyiomne oueHOHHbie npoeKXHbie xapaKxepncxHKH sjieMeHxoB xpocoBoro 
KOMnjieKca na 6opxy AKA «MAKOC» /yia ppyx BapnaHxoB npoxHaceHHOcxn xpoca 

3ÄTC-5KMH10KM: 

Macca xpocoBOHjie6e#KH 100-150 Kr; 
Macca xpoca 160Kr;320Kr; 
Macca npHBH3Horo KOHxeÖHepa c öJIOKOM 

KOHxaicxopiitix ycxpoftcxB 65 Kr; 
Macca KOHxaKxopHoß CHCxeMbi B cocxaBe AKA 10 Kr; 
cyMMapHbifi 3anac paöonero xejia KOHxaicxopoB (ne3Ha) 20-30 Kr. 

ripeAnojiaraxrocb xaioice, iixo: onopnaa (MOHxa>KHaa) op6nxa cxaHHHH - 400 KM; 

cxapxoBaji Macca AKA «MAKOC»- 7000 Kr; MapmeBaa Jjy - aBXOMaxnnecKaa 
^BHraxeirbiiaji ycxanoBKa MHoroKpaxHoro BKiaoMeHHa xHna AffY AKA «Ooöoc»; 
3anpaBKa xorr/ruBa JXY (AT-HJXMT) - 3000 Kr; yqenbHaa xara J\Y - 325 c; cyxaa Macca 
Jjy - 400 Kr; Konxaicropubie ycxpoficxBa 3ffTC - 3JieKxponjia3MeHHbie reHepaxopw (B 

cocxaBe AKA «MAKOC» ) H nojibie Kaxozjbi (B cocxaBe npnBH3Horo KOHxeftHepa); 
paGo^iee xe.no iuia3MeHHbix KonxaKxopoB - ne3Hfi (JIHöO apron); pacxoA paöonero xeaa 
cocxaBJiaex - juia 3YIT - 2,75 Mr/c; joyia UK - 0,3 Mr/c; paöonnfi XOK B 3.ZJTC- 5 AMnep; 

HH^yi<HHH ManiHXHoro nojia - 2,6-10"5 TJI; xnn xpoca - UITCBM; ero yuenbHoe 

3JieKxpHHecKoe conpoxHBjieHne - 10 OM/KM; noroHHaa Macca xpoca - 32 KT/KM.; 

CHexeMa aBxoMaxH3HpoBaiiHoro pa3BepxbmaHHa/cBepxbiBaHHa xpoca Ha 6a3e xpocoBofi 

JieöeziKH 3KcnepHMenxa «Tpoc-1» (PKK «Sueprna»); pacnojiaraeMaa saeKxpHHecKaa 
MOIUHOCXB na 6opxy AKA «MAKOC» - 2,5 KBX. 

Bbinojiiieiiiibie oueixKH noi<a3aJiH BbicoKyio 3<Jx])eKXHBHOcxb npHMeHeHna 
3fl,TC B cocxaBe AKA «MAKOC», HXO #aex BO3MO}KHOCXB cymecxBenHon SKOHOMHH 

3anacoB xoruiHBa na 6opxy AKA «MAKOC» npn MOKopÖHxajibHOM MaHeBpnpoBaHHH. 
Flo 3aBepuieHHH «3Jieicrpo,zniHaMHiiecKoro» MaHeBpHpoBaHna BO3MOäHO: ;IH6O 

ox^eneHHe MKA ox npnBa3Horo KonxeÖHepa c BKJironeHHeM J\Y MKA, JIH6O 

CBepxbiBaHHe 3l[TC H pa3ßepxbiBaHHe HenpoBOflHineH o/jHOKpaxno Hcnojib3yeMOH 
xpocoBofi ci-icxeMbi (pa:jpa6oxKa MAH)3 c MKA Kai< KOHHCBHM o6beKXOM. 

B.JlyKbfluieiiKO 
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MaccoBbie 3aTpatbi KA, Kr 

Pnc.1. OueHKa noTpeÖHbix MaccoBtix 3aTpaT AKA «MAKOC», 
ocymecTBJiaromero MOKopÖHTajibHbiH nepexofl c MOHTa>icHofi opÖHTbi 
Ha 3aziaHHyio paöo^yio opÖHTy H  nocue/jyiomee B03BpameHHe  Ha 
OpÖHTy CTaHUHH C HCriOJIb30BaHHeM W?J\ ÖOJIbfflOH TflrH. 
m/(v- cyxciH Maccajjy; mj - Maccocme 3ctmapambi mowiuea 
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m, Kr 

0 10 20 30 40 
CyMMapHa* A/iwenbHOCTb HenpepbiBHoro tpyHKUMOHupoBaHHH SflTC 

(BKnioHaa pa6oiy B pexme pßvixmenn npn BbmeAeHMn Ha paöosyio op6nTy M B 
pe>KMMe TopMO»eHMfl npn B03BpameHHw KA) 

PHC.2.     Oueaica     B03M0>i<H0cxeH     ucuonwiOBaima     3,fl,TC     B     cocTaBe 
oocJiyxamaeMoro   KA   äJIH   Bbino.iHeHHH   Me>icop6HTajitHHX   nepexo^oB   c 
MOHTa>KHOH op6nTy Ha paöonyio c nocjie^yiomHM B03BpameHHeM Ha op6HTy 

CTaHHHH. 
...„^J^^TCCLI-IOKM 

  ana 3ßTC c L2 - 5 KM 

m, - cyMMapHbie MaccoBbie 3aipaTH no HcnojiwoBaHHM 3ATC, BKinonaiomHe 
nocTOHHuyio cocTaBJHnomyro (Maccy ne6e/n<H H KOHTaKTopoB 3ATC) H Maccy 
pacxo/iyeMoro pa6onero Tejia. 
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Ta6jiHua 1. OcHOBHbie xapaKTepHCTHKH TpancnopTHbix onepauHfi npH Hcnojib30BaHHH 
HenpoBO/jaiUHX TpocoBbix CHCTCM C npHB»3HbiM MKA Maccoft 100 Kr 

fljiHHa pa3BepTbiBaeMoro xpoca, KM 10 20 30 40 50 

3anac xapaicrepiicTHMecKofi CKopocra, npwoöpeTaeMOH MKA 
nocjie pa3BepTbiBaHHfl H pacuenKH Tpoca, M/CCK 

22,3 44,6 66,7 88,8 110,8 

H3MeHeHHe BbicoTbi nojiera o6tei<Ta (B anoree), KM 70,4 141,8 214,1 287,2 361,4 

CyMMapHaa noTpe6naJi Macca ToruiHBa, Kr 2,2 4,3 6,5 8,5 10,6 

YMeHbuieHHe BbicoTbi ncxneTa nn>KHero npHBjBHoro oöteKTa 
nocjie pacuenKH Tpoca, KM 
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50 

PHC. 3. CpaBHHTejibHbie BO3MOHCHOCTH Hcnojib30BaHHH ABHraxeribHOH ycxaHOBKH MKA 
RSVI yBe;iHiienH}i BHCOTM ero opÖHTbi H npHMeHeiiHH npoueflypbi 
pa3BepTt.iBaHHjf/pacuenKH nenpoBOflameö TpocoBoß CHCTCMBI. 
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TaKHM     o6pa30M,     npeflBapHxejibHbrii    aHaJiH3    noKa3aji    BO3M05KHOCXB 

aOCTH>Kei-IHa   BblCOKOH   3(JHl)eKXHBH0CXH   HCnOJIb30BaHHH   H   HenpOBO£5HH,HX  XpOCOBHX 
CHCTeM B cocraBe AKA "MAKOC'7JIH6O ITK «nporpecc-M2» (KaK 6a30Boro 
cpe^cTBa) RJIH Ri>ii?eAeHH5i MKA na "BbicoKoanorefiHbie" op6wxbi c TOHKH 3peHHH 
3KOHOMHH    3auacoB    SopxoBoro    xonJiHBa    -    TaK,    asm    BapwaHTa    MKA    c 
XapaKTepHCTHKaMH,      COOXBeXCXByiOIHHMH      pa3pa60TKaM      HnO      HM.JlaBOHKHHa     - 
LIHHHMam5, SKOHOMHH xomiHBa npH nepexo/je Ha KpyroByio op6HTy BMCOXOH -760 

KM cocxaBHT npuMepno 80-90% (cMOXpnxe xaojimry 1 H pnc.3). 

BnocjTezi,CTBHH noflOOHBift MKA (npn cymecxBOBaHHH Heo6xoAHMoro pe3epBa 
TonJiHBa H nejiecoo6pa3Hoc.TH npoAJieHM ero MHCCHH) B npHHHHne MO>Kex 
caMOCTOJirejTbiio coBepurnxb MaHeBp no CöJIHHCCHHIO CO cxaHHHeft, r«e MO>i<ex 6bixb 
JIH6o       ri0Zl06paii       COOXBeXCXByKtlUHMH       XeXHHMeCKHMH       cpeßCXBaMH       CTaHHHH 
(MaHHnyjiJiTopaMH, KOCMOHaBxaMH Ha pa6oHHX njiomanKax, «Space Shuttle» H T.R.), 

JIH6O cocrwKOBaTbC5i na cneuHajibHbiH nopT (HO SXO npe,qno.naraex pa3MemeHHe Ha 
6opTy MKA o6ecneHHBaiom;HX cxbiKOBKy cwcxeM H yBennneHHe ero Maccu H 

raöapHTOB). nocjie o6wry>KHBaHHH MKA CMO>i<ex BHOBB coBepniHTb aBXOHOMH&m 

nojieT. 

B03M0?KH0CT1-1 HCriOJIb3QBaHHn TDOCOBblX CHCTeM flJIH npOBefleilHH TDOCOBblX 
3KcnepnMeiiTOB na 6or>TV MKC 

B    Hacxosnuee    BpeMS    PKK    «3Hepnnji»    npopa6aTbiBaeT    BO3MO>KHOCTH 

nOCTaHOBKH    COBMeCTHOrO    C    HXaJIbJIHCKHM    areHTCTBOM    ASI    fleMOHCTpaHHOHHOrO 

3KcnepHMCHTa rpocoBoM xpaHcnopxHOH CHCTCMH Ha ocHOBe ITK «Ilporpecc-M». 
Ycnex sxoro sKcnepHMei-rra no3BOJinx njraHHpoBaxb cooxBexcxByiomHe SKcnepHMeHXbi 
Ha 6opTy cxaHHHH, nanpaßjieHHbie na peuieHHe 3a^an onepaxHBHoro BbiBe^eHHa MKA 
c 6opTa cxaHLHiH na 3aaaHHbie opÖHXbi 6e3 pacxofla xonjiHBa J\Y MKA, onepaxHBHOH 
AocxaBKH rpy30B c opÖHXbi B 3a/iaHHbiH paftoH noBepxHOCXH 3eMJiH (xaK Ha3bmaeMaa 
«KOCMHnecKaa noMxa»6), CXHKOBKH C Hei<oonepnpyeMbiMH o6i»eKxaMH - B XOM qncjie 

MKA - juisi HX o6cjiy>KHBaHHH Mexo^aMH BHeKopaGejibHoii fleaxenbHocxH (BKß) nocne 
c6jiH>KeHH5i oGi.eKxa u MKC 3a cnex cMaxsiBanHH xpoca B npe#eJibi ^ocaraeMocxH 
BKfl. llpn 3X0M B03MOHHO HCH0Jlb30BaHHe        OXeneCXBeHHblX CHCXeM 
pa3BepxbiBa)in>i/cBepTbiBaHHJi xpoca H KOCMHnecKoro xpoca UITCBM. 

YcrpoficxBa onuoKpaxHoro pa3BepxbiBai-iHH xpoca COCXOHX H3 uinyjiH H 

CHCxeiviw xopMO>iceHHJi BbinycKa xpoca, oöecneHHBaromeH xpeöyeMMH 3aKOH 
pa3BepxbiBaHHj[, nHpoHO>Ka oxACneHHa xpoca. YcxpoficxBa pajBepxbmaHHa H 

CBepxbiBai-iHJi xpoca 6ojiee CJIOJKHH H BK/nonaiox B CBOä cocxaß Jie6e;n<y, 
ocymecxBJiHiomyro 3aaaHHbie 3aKOHbi pa3BepxbiBaHHa/cBepxbiBaHHH xpoca (Macca HX 

npHMepno na nopwoK 6oJibiue). B Hacxoaiuee BpeMH Beflyxca oxenecxBeHHbie 
pa3pa6oxKH i<ai< ycxpoßcxßa o/uioKpaxiioro pa3BepxMBaHHa (rpynna H3 MAH), xaK H 

ycxpoßcxBa pa3BepxbreaHHH H CBepxbiBaura xpoca (PKK "SHepraa"). Macca 
ycxpoHcxBa o^HOKpaxHoro pa3BepxbmaHHH (pa3pa6oxKa MAH)3 - 10 Kr (6e3 xpoca), 

npn 3X0M na KaxyuiKe noMemaexcn ps> 5 KM xpoca AHaMexpoM -3,5 MM; raöapHXH 

ycxpoHcxBa pasBepxbiBanHH B pa6oneM nojio>i<eHHH - 0464 MM X 680 MM. 

3Hepronoxpe6;renHe  -   ox   10  Bx  AO   15   Bx.   HHCJTO  KOMaHA  ynpaBJieHHa  -  2. 

B.JiyKbHiaeHKO 



06ecneHHBaeMEfl ycxpoftcxBOM TOHHOCTB pa3BepTbiBaHHa Tpoca - no yrny jra6paHHH He 
6ojiee ±9 , no nsmae BbinymeHiroro Tpoca He 6onee ±50 M . YCTPOHCTBO 

pa3BepTbiBaHHa/cBepTWBaHHa Tpoca (pa3pa6oTKa PKK "3HepraH)7 o6ecne^HBaeT 

ynpaBJiaeMWH Bbinycrc Tpoca c rauieHHeM npoßOJibHbix KOJieöamiH, npH STOM eMKOCTb 
ycTpoflcTBa cocTaBJiaeT 20 KM Tpoca .zniaMeTpoM 3 MM, Macca ycTpoücTBa (6e3 Tpoca) 
-380 Kr, raöapnxbi - 01000 MM X 570 MM (6apa6aH H 3-jieKTpoÄBHraTejib); 640 MM X 

570 MM (BcxaBica c BMXOäHWM öJIOKOM ycTpoöcTBa, B T.H. - c nnpoHoacoM). 
3Heprono'[-pe6jieHHe: cpcinee - 100-150 BT, MaKCHMyM - AO 1,5 KBT. B POCCHH K 

HacTOHineiviy Bpe.vieiiH co3ziaHbr H nponuin HHKJI Ha3eMHbix HcnbrraHHH o6pa3Ubi 
npoTJDKenHwx rpoca H Ka6ejib-Tpoca (npoBoaHmero 3/ieKTpHHecKHfi TOK) - I1ITCBM7. 

Ha HBMajibiioM 3Tane pa3BepTbiBanHfl H (j)yHKHHOHHpoBaHHa MKC 
npefljiaraiOTCH B Ka^iecTBe nepsooMepcanbix cjie^yiomHe HanpaBJieHHH 
3KcnepHMeiiTaj[BHLix HccjreflOBaHHH H HcnojiB30BaHna OTC (Ha 6a3e TK 'Tlporpecc- 
M" H Hcno^tBsoBaHHJi MKC Kaic MecTa, r^e arperaxw OTC npHBOAHTca B paöonee 
nojiowenne nnn noaneayiomero aBTOHOMHoro cl)yHKHHOHHpoBaHHfl nocne OT^ejieHHa 
TK "riporpecc-M" OT MKC): 

•pa3BepTblBanne   SKCnepHMeHTaJlbHblX   3JieKTpO,2[HHaMHHeCKHX   TpOCOBblX   CHCTeM, 
HccjieaoBauHe nx xapaK'repucTHK H oco6eHHOCTett (j>yHKnHOirapoBaHHJi, B TOM 

4Hcjie c Hcnojn>30BaHHeM Majibix KOCMHHecicHX annapaTOB - npoeKT "ByjiicaH- 
MKA"; 

•HcnoJtb30BaHHc OTC /UIH npoBe^eHHa TpancnopTHbix onepauHH, B TOM HHcne 
BbiBeaenne i-ra pa6oHHe op6nTbi Majibix KOCMMHCCKHX annapaTOB Hayraoro 
na3naHei-iHJi; pa3BepTWBanHe op6HTa;ibHbix TpocoBbix CBJBOK c ManbiMH KA, 
Bosapax fia 3eMjiio Kancyjiw "Pa/iyra" - nocne/nwH cjiynaö - STO npoeKT "TATS" 
(poccuHCKO-eBponeticKHH npoeKT TpaucnopTHOß OTC no ßocTaBKe Ha 3eMjno 
Kancyjibi "Pajnyra"). 

BnocjieACTBHH   npe/uiaraeTca   npoBecTH    SKcneAHUHH,   KOTopbie   flOJDKHbi 
npoaeMoi-icTpHpoBaTb Ha npaKTHKe npHMenHMoen. OTC Ha 6opTy MoK^yHapo^HOH 
KocMHnecKOH CxaHUHH (Kaic 3/TTC, TaK H TpaHcnopTHofi OTC). 

BblBOflbl 

B pa6oTe noKa3ai-ibi ÄOCTOHHCTBa KOHHeniura Hcnonb30BaHH*i MKC KaK ueHTpa 
noflroTOBKH, BbiBeÄeiiHH H (npn Heo6xoAHMOCTn) ynpaBJieHHK SKcnjiyaTanHefi MKA, 
4>yHKHHOiinpyiomnx B HH^pacTpyioype MKC. B paMKax STOH KOHnenuHH 
npeflno>[<eno npuMei-iHTb opÖHTanbUbie TpocoBbie CHCTCMM KaK fljia ocymecTBJieHM 
MOKopÖHTajibHbix nepexojiOB MKA, TaK H zum opraHraauHH sKcne^HUHH npHBJBHbix 
cyöcnyxMHKOB. 

MKA Moryr ncnojib30BaTbC5i -no/ioöno neMeuKOMy MKA «HHcneKTop»-,zuifl 
Ha6;iiozieiin5i 3a COCTOJIHHCM Bnemiinx noBepxHOCTefl MOflyneß CTaim.nn, npHneM KaK B 

npHBJi3HOM Bapwai-TTe, Tai< H B aBTOHOMHOM. MKA B HH(l)pacTpyKType MKC äOJDKHM 

Taoce pemaTb 3a«aHH snexTpoMaraHTHoro MOHHTopHHra B OKpecTHOCTax CTaHUHH, 
OTCJIOKHBETb  T3M   nblJieByiO  OÖCTaHOBKy.   B03M0>KH0  TaK>I<e  HCnOJIb30BaTb  CTaHHHK) 
Win npoßeaeriHfl B pe>r<HMe TejiecafteHC nojieTOB MKA nna3MO<f)H3HHecKoro 
Ha3HanenH;i ea 3naiiHTejrbHbix yaajieHMx OT CTaimHH, a Taoce SKcneAHHHH MKA B 
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HHTepecax nccjiezioBanHÖ BepxHefi axMoccpepw 3eMjra. B SXOM cjiynae noaoOHbie MKA 
MoryT BWBO^HTbca na paöonne opÖHXbi c noMombio Me>Kop6HxanbHoro GyKCHpa, B 

pojiH  KOToporo  MO3KCT BbiCTynHTb  AKA  «MAKOC»  HJIH  ITK  «llporpecc-M2», 

B03M02KHO, OCHameHHbie H XpOCOBOH CHCTeMOH. 

BwnojiHenHbTe oueHKH noKa3ariH Bbicoicyio 3(])<j)eKXHBH0cxb npHMeHeHHfl 
3/TTC B cocTaBe AKA «MAKOC», HTO flaex B03MO>KHOCTb cymecxBeHHOH SKOHOMHH 

3anacoB xoiuiHBa na 6opTy AKA «MAKOC» npn MOKopÖHxaiibHOM MaHeBpHpOBaHHH. 

AHajiH3 noi<a3an xaioice BO3MO>KHOCXB AOCTH>KCHHH BBICOKOH s^eKXHBHOCXH 
HcnoJib30BaHHJi H nenpoBOÄHmHX TpocoBbix cHCTeM B cocTaBe AKA "MAKOC'/rTK 
«riporpecc-M2» äJIJI BBiBeaeHHS MKA Ha 6ojiee BWCOKHC op6nxbi c TOHKH 3peHHH 
3K0H0MHH 3anacoB 6opxoBoro TonjiHBa - xaic, /uia Bapnanra MKA c 
xapaierepHCTHKaMH, cooxBexcxByioiUHMH pa3pa6oTKaM HITO HM.JlaBOHKHHa - 
UHMHMaiu5, 3KOHOMHH xonjiHBa npn nepexoae Ha KpyroByio op6nxy BBICOTOH -760 

KM cocxaBi-ix npuMepno 80-90%. 

Bnoc/ie/icxBHH nofloÖHbifi MKA (npH cymecxBOBaHHH Heooxo/mMoro pe3epßa 

TOiuiHBa H ue;iecoo6pa3HOCTH npcwieHHs ero MHCCHH) B npHHimne Moacex 
caMOCTOHxejibHO coBepoiHXb MaHeBp no C6JIH>KCHHIO CO cxaHuneH, vjxe Mcmex 6WTB 

JIH6O nofloöpaH cooxßexcxByiomHMH xexHHnecKHMH cpeacxBaMH cxaHUHH 
(MaHHnyjiaTopaMH, KOCMOHaBxaMH na pa6oiinx njioma^Kax, «Space Shuttle» H T.JX.), 

JIH6O cocxuKOBaTbCM na cnemrajibHHÄ nopx (HO 3XO npe^nojiaraex pa3MemeHHe Ha 
6opxy MKA oöecneHHBaroujHX cxbiKOBKy cncxeM H yBenHHeHne ero Maccbi H 

raöapHxoB). Hociie o6cjiy«HBaHHa MKA CMO>i<ex BHOBB coBepuiHXb aBXOHOMHbift 

nojiex. 
noica3aHO. MXO B POCCHH HMeexca 3HaHHxejibHbift 3a,neJi B nacxa xpocoBbix 

CHexeM, Koxoptie Moryx 6bixb pa3MemeHbi Kaic Ha 6opxy AKA xnna «MAKOC» , 
rpy30Bbix xpancnopxHbix Kopaßjiefi «Ilporpecc-M2», xaK H Ha 6opxy uoffyjiQÜ 
poccHÖcKoro cerwenxa MKC. ripe/yioweHbi «eflcxBHfl no peajuoauHH oxenecxBeHHbix 

fleMOHCxpauMOi-iHbix npoeKXOB xpocoBbix sKcne/niuHÖ. 

CorwaHHe H (j)yHKUHOHHpoBaHHe Ha MKC opOHxaiibHOH xpocoBOH CHCxeMbi 
cnocoGno npH^axb noßoe KanecxBO nporpaMMe ee Hcnojib30BaHH«, xai< KaK npHBe^ex K 

3KOHOMHH TonjiHBa npH npoBeaeHHH xpaHcnopxHbix onepannfi, oxi<poex BO3MO>KHOCXH 

onepaxHBHofi äOCXBBKH nojiyneHHbix Ha op6nxe MaxepnajroB, a xaioice H36aBJieHHa ox 
Mycopa, noÄBHTca BO3MO>KHOCXH nojiyneHHa 3HaHHxejibHbix oöbeMOB ÄonojiHHxejibHOH 

3JieKxpo3iieprHH. 

Pa6oxa 6bma BbinojmeHa B paMi<ax Tocy^apcxBeHHoro KOHxpaKxa Jfe 851- 
5095/96 ox 17.06.1996r. na HHP «TPOC-11,-2000». 
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Use of Orbital Tethered Systems for Small Spacecrafts (SSC) Injection in Working 
Orbits and in Progress of Operations on SSC Recovery in order of Their 
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Abstract 

It is proposed concept of the ISS use as a center for SSC preparations and mission 
control. These SSC will be included in infrastructure of the ISS. In frames of this 
concept the prospects of SSC with different specialization are under consideration. 
Among them there are ones, which will be periodically serviced with help of the ISS 
technical vehicles and means. It is suggested to use orbital tethered systems both for 
SSC inter-orbital maneuvers, and for tethered sub-satellites missions. In this context the 
prospects of Russian tethered systems are considered in the paper. These tethered 
systems can be installed onboard spacecraft (SC) «MAKOS»-type' or onboard logistic 
ferry «Progress-M», or onboard ISS Russian Segment modules. 
Obtained estimations demonstrates effectiveness of tethered system use with point of 
view significant saving of SSC fuel (up to 80%), that can give an opportunity to prolong 
significantly its mission duration, and if necessary allow SSC to maneuver for 
rendezvous and docking with the ISS. To study this case is considered both possibility 
for SSC to dock with special docking unit, and possibility to catch SSC by robotic 
means of the Station (manipulators, and so on). 
In case of tethered sub-satellite missions the re-usable tethered system allow carry out 
them many times: tether will wind up, SSC will be serviced onboard a basic object of 
the system, and then tethered system will be deployed again. 
SSC servicing is considered as necessary also in case of unique scientific 
instrumentation installation on their board (like multi-channel spectrometer VIMS and 
so on). Such approach allows to prolong operations with the instrumentation as possible 
and to carry out missions in various orbits. Servicing is desirable also in case of SSC 
«INSPECTOR»-type. 

Possible role of SSC with Different Missions in ISS Infrastructure 

Experience obtained at operations of the «MIR» Station shows that effectiveness of 
payloads use and experiments carrying out can be significantly increased by way of 
involvement in the Station infrastructure of free-flying serviceable automatic spacecrafts 
and tethered systems. These vehicles and means ensure possibility to put payloads at 
assigned distance from the Station (and its autonomous operations), as well as gained 
results prompt delivery to the Earth. 

V.Lukiashchenko 



Now TSNIIMash (in collaboration with RSC «Energia», KB Photon, Lavochkin 
Association, Space Research Institute RAS and others) is developing project of 
automatic serviceable SC «MAKOS-T»1 for microgravitational and technological 
researches. This SC can operated in autonomous manner, and can maneuver for docking 
with the ISS. 
Also seems as promising the trend to use small spacecrafts for different missions, which 
can be injected from the ISS board. These SSC can be used as German SSC 
«INSPECTOR» for observing state of the Station modules external surfaces. (It is 
expedient to use these SSC in tethered mode with subsequent return to the Station and 
their re-use.) SSC in the ISS infrastructure also can carry out tasks on electromagnetic 
monitoring and space debris/dust monitoring in the Station neighborhood. It is also 
possible to use the Station as center for carrying out SSC plasma physics missions at 
considerable distances from ISS in «tele-science» mode, as well as SSC missions on 
study of Earth upper atmosphere. In these case such SSC can be injected in their 
working orbits with help of a space tug. As the tug the SC «MAKOS» may be used 
(possibly, additionally equipped by a tethered system). 

Possibilities of Tethered Systems Use at SSC Injection in Working Orbits 

During several years TSNIIMash together with RSC «Energia», Moscow Aviation 
Institute, Space Research Institute RAS, Radio-Electronics Institute RAS and NPO 
«Mashinostroeniye» is conducting system design researches on possible effective 
applications of tethered systems in composition of the Station to carry out both 
transportation tasks (docking, cargo recovery to Earth, wastes disposal) and scientific 
missions - first of all, on base of ElectroDynamic Tethered Systems (EDTS).On this 
way the possibilities of EDTS applications for additional power supply and Station orbit 
corrections are under consideration. 
Use of SC «MAKOS» with electrodynamic tethered system as a space tug for SSC in- 
orbit injection is also of interest. In particular the most attractive possibility in this case 
is connected with utilization of interaction between the EDTS and Earth magnetic field 
for orbital maneuver on change of orbital inclination of the tethered system (what is 
described in Handbook2). 
So, according preliminary estimation, which was following approach of works2,3,4, to 
change inclination of tethered constellation SC "MAKOS" - EDTS - tethered SSC orbit 
by 20° (from 51.6° to 71.6°) need in -41.5 days. 
Also we've carried out preliminary comparative evaluation of SC "MAKOS" main 
propulsion unit / EDTS, deployed from board SC "MAKOS", for their possible use at 
orbital maneuvers. Assume that value of e.m.f. induced in current-conductive tether, 
caused by its movement in Earth magnetic field, is constant and equal 0.15 V per 1 
meter of tether. 
Use of EDTS in composition of SC "MAKOS" implies to equip SC additionally by: 
• re-usable reel for current-conductive tether' deployment/winding up; 
• tethered container (it is possible to attach SSC to this container) with block of 

contactor units and contactor's working substance capacity; 
• block of contactor units onboard the SC. 
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Fig.l and 2 depict results of analysis on SC "MAKOS" orbital maneuver to working 
orbits and backwards either with help of main propulsion unit (fig.l) or with help of 
different lengths EDTS (fig.2). Evaluating effectiveness of EDTS use, assume the next 
reference characteristics of SC "MAKOS" tethered complex elements for two cases of 
EDTS tether length (5 km, and 10 km): 

reel mass 1004-150 kg; 
tether mass 160 kg; 320 kg; 
tethered container (with contactors) mass 65 kg; 
SC "MAKOS" onboard contactors mass 10 kg; 
total supply of contactors working substance (cesium) 20-f30 kg. 

Also let assume that: ISS basic orbit (rendezvous orbit) is 400 km; SC "MAKOS" initial 
mass is 7,000 kg; SC main propulsion unit is one of SC "Fobos" (intended for many 
times ignition); fuel (hydrazine) mass is 3,000 kg; specific thrust - 325 s; propulsion 
unit mass without fuel is 400 kg; EDTS plasma contactors - electric plasma arc source 
(onboard SC "MAKOS") and hollow cathodes (inside the tethered container), plasma 
contactor working substance - cesium or argon, output of working substance is 2.75 
mg/s for arc source and 0.3 mg/s for hollow cathode; working current in EDTS is 5 
Ampere; magnetic field induction is 2.6-105 Tl; tether type - «ShTSVM»; its specific 
electric resistivity is 10 Q/km; per km mass of tether is 32 kg/km; system of tether 
automatic deployment and winding up is based on winch of the project "TROS-1" 
(RSC "Energia"); available power onboard SC "MAKOS" is 2.5 kW. 
Fulfilled estimations reveal high effectiveness of the EDTS use onboard SC "MAKOS", 
that give a possibility to save (in significant extent) fuel at the SC orbital maneuver. 
After the end of electrodynamic maneuver it is possible: either to separate SSC from 
tethered container with simultaneous ignition of SSC jet, or EDTS winding up and 
subsequent deployment non-conductive expendable tethered system (developed by 
Moscow Aviation Institute)5 with SSC as tethered satellite. 
Thus, preliminary analysis shows possibility to achieve high effectiveness in case of use 
non-conductive tethered systems onboard SC "MAKOS" / logistic ferry "Progress-M" 
(as basic object) to inject SSC in "high-apogee" orbits from fuel saving point of view. 
So, for SSC version on base of Lavochkin Association - TSNIIMash5 developments, 
fuel saving at transfer into circular orbit with height -760 km is about 80-90% (see table 
1 and fig.3). 
Later such SSC (if necessary fuel is available and necessity to prolong its mission 
lifetime exists) can in principle undertake self maneuver on rendezvous with the Station, 
where it can either be catch by corresponding means of the ISS (arms, astronauts during 
EVA, Orbiter "Space Shuttle" and so on) or dock with ISS special port (but this implies 
allocation onboard SSC corresponding docking subsystems, and SSC mass and sizes 
growth). After servicing the SSC can fly autonomously again. 

Possibilities to Use Tethered Systems for Carrying out Experiments onboard ISS 

At the present time RSC "Energia"(in collaboration with Italian Agency ASI) is 
developing demonstration experiment of tethered transportation system on base of ferry 
"Progress-M". This experiment success allows to plan corresponding experiments on 
the Station. Goal of the experiments is execution of following tasks: SSC fast injection 
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(from ISS board) in working orbit without SSC fuel consumption; cargoes fast delivery 
from ISS in assigned Earth regions (so-called "space mail"6); docking with non- 
cooperated objects (including SSC) for their servicing by EVA after mutual approach in 
account of tether winding up to EVA achievable sphere. In process of these experiments 
carrying out it is possible to use Russian systems for tether deployment / winding up 
and space tether «ShTSVM». 
Tether expendable deployers consist of spool, tether unwinding braking system, 
which 
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Fig. 1. Evaluation of SC "MAKOS" required fuel for its transfer from 
ISS rendezvous orbit into assigned working orbit and for the SC 
subsequent return with help of great-thrust jet engine. 
mPU- mass of Propulsion Unit without fuel;  mf- mass of consumed fuel. 

ensure assigned law of deployment, and tether cutter. Units for tether deployment / 
winding up are more complicated. They include winch, which implements assigned laws 
of tether deployment / winding up. Mass of reusable deployers greater by one order of 
magnitude than expendable ones. Now in Russia developments both expendable tether 
deployers (Moscow Aviation Institute) and reusable ones (RSC "Energia") are carrying 
out. Mass of the expendable deployer (developed in MAI) is 10 kg - without tether. In 
this case there is up to 5 km of tether dia -3.5 mm on the spool; sizes of the deployer in 
working mode are 0464 mm x 680 mm. Power consumption is in range from 10 W to 
15W. Quantity of control commands is 2. Tether deployment accuracy, provided by the 
deployer, is: librations angle - not greater than ±9°, on length of unreeled tether - ±50 m. 

V.Lukiashchenko 



800 

750 

700 

H 650 u) 

0 600 
B> 
C 

1 550 

500 

450 

y' 

,' 

y 
y 

y 
y 

> 
y 

y 
y 

y Y 
mL2 -^ 

• 

y /          

y 
y 

y 
y / 

y 
y 

y 
y 

/ 

days 

m,kg 

500 

{2 
Q 
UJ 

400    'S 
0) 
10 
8 
c 
M 
V) 
CO 
E 

300 
3 
or <u a: 

200 
0 10 20 30 40 

Total duration of EDTS continuous operations (including in motor mode at injection in 
worki ng orbit and at SC return) 

Fig.2. Evaluation of possibilities of EDTS use for SC «MAKOS» controlled 
maneuver from ISS rendezvous orbit into working one with subsequent return. 

-—    for EDTS with Li = 10 km 
  for EDTS with L2 = 5 km 
mL - total mass of EDTS, including constant mass - (winch assembly and plasma 
contactors) and mass of expendable working substance for contactors. 

RSC "Energia" unit for tether deployment / winding up ensure controlled tether 
deployment with longitudinal oscillations damping. In this case capacity for tether is 20 
km for case of diameter 3 mm; unit's mass without tether is -380 kg, sizes - 01,000 mm 
x 570 mm (drum and electric driver), 640 mm x 570 mm (insertion with outer block of 
the unit, including pyro cutter). Power consumption: average 100-150 W, maximum - up 
to 1.5 kW. By present time samples of space tether and conductive cable-tether have been 
created and ground-tested in Russia (so-called tether ShTSVM ). 
At the initial stage of ISS assembly it is proposed as urgent the next trends of space 
tether-oriented experiments and researches (on base of ferry "Progress-M" and ISS use 
as site for 
the tethered systems integration for their subsequent autonomous functioning after 
"Progress-M" separation from the ISS: 
• deployment of demonstration electrodynamic tethered systems, investigation of their 

characteristics and performances (including missions of tethered small spacecrafts) 
- project "Vulkan - MKA" (TSNIIMash, RSC "Energia", SRI RAS, IRE RAS); 
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Table 1. Main characteristics of transportation operations in case of use non-conductive 
tethered systems with tethered SSC (SSC mass is 100 kg). 

Length of deployed tether, km 10 20 30 40 50 

Characteristic velocity, obtained by SSC after tether deployment 
and SSC release, m/s 

22.3 44.6 66.7 88.8 110.8 

Change in SSC height (in apogee), km 70.4 141.8 214.1 287.2 361.4 

Total required mass of fuel, kg 2.2 4.3 6.5 8.5 10.6 

Decrement of low tethered object orbit height after tether release, 
km 
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Fig.3. Comparative analysis on possibilities of SSC orbit height increment with help of 
SSC propulsion unit and with help of non-conductive tethered system deployment and 
release of tethered SSC. 
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• tethered systems use for transportation operations, including scientific small 
spacecrafts injection in their working orbits; deployment of space tethered 
constellations with small SC; "Raduga" capsule recovery on Earth (this involves in 
project TATS - Russian-European project of tethered system for transportation 
tasks). 

It is suggested to organize later missions, which can demonstrate feasibility of tethered 
system onboard the International Space Station (both EDTS and transportation tethered 
system). 

Conclusions 

In the paper it is shown advantages of concept to use the ISS as center of SSC 
integration, preparations, in-orbit injection and (if necessary) mission control. These 
SSC will be included in the ISS infrastructure. In frames of the concept it is suggested to 
use space tethered systems both for SSC inter-orbital maneuvers, and for tethered sub- 
satellites missions. 
SSC can be used like German sub-satellite «INSPECTOR» to monitor state of ISS 
modules external surfaces (both in autonomous flight and in tethered version). SSC in 
the ISS infrastructure can investigate also electromagnetic environment of the ISS 
neighborhood, monitor space debris/dust there. It is possible to use the ISS also for 
conducting SSC plasma physics missions in «telescience» mode (at great distances from 
the ISS), as well as SSC missions on in-situ measurements in Earth upper atmosphere. 
In these cases SSC can be injected in working orbits with help of space tug - SC 
«MAKOS»/ferry «Progress-M2» with (may be) tethered system. 
Fulfilled estimations reveal high effectiveness of EDTS use in composition of SC 
«MAKOS», that gives possibility to save significantly SC «MAKOS» fuel at 
maneuvers. 
Analysis shows also possibility to achieve high effectiveness in case of non-conductive 
tethered systems on-board SC «MAKOS»/ferry «Progress» used for SSC injection in 
orbits with higher altitudes (criterion is saving of on-board fuel - so, for Lavochkin 
Association - TSNIIMash's version5 of SSC the fuel saving at transfer into circular 
orbit with height -760 km is about 80-90%. 
Subsequently such SSC can in principle (if there is necessary fuel reserve and need in its 
mission prolongation) autonomously approach to the Station, where it can be catch by 
corresponding ISS technical means (arms, astronauts on working pads, Orbiter «Space 
Shuttle» and so on) or can dock to ISS special port (but this implies allocation onboard 
SSC corresponding docking subsystems, and SSC mass and sizes growth). After 
servicing the SSC can fly autonomously again. 
It is shown that Russia has considerable experience in space tethers technologies, 
developed tethered systems can be installed both onboard SC «MAKOS»-typeVferry 
«Progress-M2» and onboard modules of the ISS Russian Segment. Steps in Russian 
space tethers demonstration missions have been proposed. 

Orbital tethered system (OTS) creation and its functioning on-board the ISS may 
provide the ISS Utilization Program by new possibilities, because it ensures fuel savings 
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during transportation operations with OTS involvement, makes possible fast delivery on 
the Earth results and samples obtained on-board ISS, simplifies ISS wastes and trash 
removal, gives an opportunity to generate large electric power. 
Works on issues of the paper are conducting in frames of the State Contract #851- 
5095/96 of 06/17/1996 (Research Work «TROS-C-2000») between Russian Space 
Agency and TSNIIMash. 
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OcHOBHtie HanpaBjieHH» pa3BHTna CHCTCMM .znicTaHUHOHHoro 
KOCMiraecKoro oöpasoBaHHfl (Z1KO) B POCCHH 

B. CeHKeBHH, B. BoroMOJioB, 3. HHyjieBHH, K. Ilo6eÄOHOcpeB, (POCCHä) 

F. MaHcppe^, (TepM&mw) 

141070 r.KopojieB , MocKOBCKas oÖJiacrb 
yji. nHOHepcKaH, 4 

B pa6oTe paccMOTpeHW ocHOBHwe HanpaBjiemui H KOHHenmw 
pa3BHTHÄ CHCTeMBI AKO, CCÖflaBaeMOH B POCCHHCKOM KocMEraecKOM 
AreHTCTBe. B KanecTBe 6a30Bbix aneMeHTOB TaKOH cHcreMbi 
paccMaTpHBaioTca xexHiraecKHe cpeflCTBa LfcHTpa cnyraHKOBOH CBH3H OKB 
M3H, oöecne^HBaiomHe nepe^any Heo6xoflHMOH HHCpopMauHH Meamy 
paOTHHHWMH peraoHaMH POCCHH, CTpaH CHr H EßpoiiM. 

B     pa6oT6     npoBeflCH     aHajiH3     BO3MC»KHOCTH     Hcnojib30BaHHH 
TeXHHHeCKHX    HH(J)OpMaHHOHHbIX     CHCTeM    H    MyjIbTHMeflHHHblX     CpeflCTB 
BH3yajiH3aHHH npn npeflocTaBJieraffl o6pa30BaTejibHbix ycjiyr nepe3 cepBep 
PKA O COCTOHHHH H nepCneKTHBEX HCnOJIb30BaHHfl TeXHOJIOrHH. 

B. CeHKeBHH 
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The paper presents the basic direction and concepts of the RSE system 
development which is being created by the Russian Space Agency. As basic 
elements of such a system there are considered technical means of the RSA s 
Space Flight Control and technical means of the MEI s Centre of satellite 
communication which support transfer of necessary information between 
various regions of Russia, countries of CIS and Europe. 

The paper also presents analysis of an opportunity of use of technical 
information systems and multimedia means of visualization in the process of 
granting of educational services through an RSA s server about concerning 
current status and prospects of space technologies use. 

V.Senkevich 



y-ncHH B.O., JlyKbamemco B.H., YcneHCKHH T.P., 

JIHCOBOH B.T., ApxHnoB A.A. (HHHHMAIII) 

MAJTWE KOCMHHECKHE AnnAPATbl flJlü KPATKOCPOHHOrO 

nPOrH03A 3EMJIETPJICEHHH 

OäHHM H3 npHopHxeTHbix HanpaBjieHHH npaKTHHecicoro Hcnojib30BaHHH KOCMH- 

HecKHx cpe/jCTB B XXI seice flanraceH cTan» nporH03 3eMJieTpflceHHfi. AKTyanbHOCTb H 

BaacHocTb pemeHHfl STOH rao6ajibHOH npoöjieMbi, cTOflmeii nepe« qenoBeqecTBOM, oie- 

BHflHbl H OnpefleJIHIOTCH OrpOMHblMH pa3pyUIHTeJIbHbIMH nOCJieflCTBHflMH CeHCMHHeCKHX 

KaTacTpotJ). 

Ymep6 OT 3eivmeTpflceHHH ycyryöjmeTCfl HX BHe3anHocTbio. QzjHaico npoÖJieMa 

KpaTKoepo^Horo nporH03a 3eMJiexp5iceHHH (3a HecKOJibKo cyTOK HJIH qacoB 30 rnaBHo- 

ro xojraca) H ceroflHH npoflOjmaeT ocrasaTbCfl O^HOH H3 HepeuieHHbix npoöneM co- 

BpeivieHHOH HayKH, TaK KaK npHMeHemie TpaflHUHOHHbix Ha3eMHbix cpe#CTB He no3BOJia- 

eT nojiyqHTb npHeMjieMbie pe3yjibTaTbi. Heo6xoßHM üOHCK H Hcnonb30BaHHe HOBMX, 

HeTpaßHHHOHHblX CpeflCTB H MeTOßOB nporH03HpOBaHH5I. 

B xofle HccneAOBaHHH, npoBefleHHbix H.HHHMAIII coBMecrao C pa^OM HayqHO- 

HcaieflOBaTejibCKHX HHCTHTyTOB PAH, H npeacae Bcero OH03 H H3MHPAH, 6MJIH 

ncwiyneHbi npHHHHnHanbHbie pe3yjibTaTM, CBHfleTejibCTByiomHe o BO3MO>KHOCTH cyme- 

CTBeHHoro noBbimeHHa 3<Jxf)eKTHBH0CTH KpaTKOCpo^Horo nporH03a 3eMjieTpflceHHH c 

noMombio KOCMHHecKHx cpe^cTB. TaKofi nporH03 ocHOBaH Ha aHararae aHOManbHbix 

(J)H3HHeCKHX 3JieKTpOMarHHTHbIX H nJia3MCHHbIX HBJieHHH, OTMeieHHblX B OKOJI03CMHOM 

KOCMH^eCKOM   IipOCTpaHCTBe   HaKaHyHe   CHJIbHblX  3eMJieTpflCeHHH   ÖOpTOBOH   Hay^HOH 

annapaTypofi HC3 npH npoBe^eHHH pa3JiHrabix KOCMH^ecKHx 3KcnepHMeHTOB. K racjiy 

TaKHX flBJieHHH OTHOCHTCH: 

- aHOManbHbie HH3KoqacTOTHbie (YHH-KHH-OHH) sjieKTpoMarHHTHbie mny*iemvi; 

- B03MymeHHH KBa3HnocToaHHbix 3JieKTpHqecKHX noxrefi; 

- B03MymeHiw KOHHeHTpaHHH ajieKTpoHOB H HOHOB HOHoc(})epHOH nna3Mbi; 

- JioKanbHbie BapnauHH TeMnepaTypbi ima3Mw; 

- aHOMajibHbie reoMarHHTHbie nynbcauHH Ha ^acTOTax OKOJIO 1 Tu;; 

- BbicbinaHHa BbicoK03HeprH*mbix HacTHu.. 

Ha ocHOBe aHajiH3a aHOMajibHbix (JMSHHCCKHX ABjieHHH H npeanonaraeMbix Mexa- 

HH3MOB HX B03HHKHOBeHHa nojiyneHbi cne,a;yiomHe pe3yjibTaTbi: 



1. C 6ojibuioH cTeneHbio flocTOBepHOCTH ycTaHOBJieHO, HTO B aTMOC(|)epe, HOHOc^e- 

pe H MarHHToc(})epe 3eM.nH HaKaHyHe seMJieTpaceHHH BOSHracaic-T ceficMoreHHbie $H3H- 

necKHe flBJieHHfl, HaÄe>KHO oÖHapyaaiBaeMbie H perHCTpnpyeMbie 6OPTOBOH HayHHofi 

annapaTypofi KA sa «ecaTKH MHHyT - nacbi «o rnaBHoro TomKa, HTO nosBOJweT pac- 

cMaipHBaTb HX B Kanecrae KpaxKOcporabix npesBecraHKOB Ha«BHraiomHXca ceficMme- 

CKHX KaTacrpo<f). 
2. OnpeaeneH nepeneHb ocHOBHbix napaMeTpoB oKOJioaeMHoro KOCMHqecKoro npo- 

CTpaHCTBa, nowieacamHX oSasaTejibHOMy KOHTpojno 6opTOBofi HSMepHTejibHofi anna- 

parypofi KA. 

3. Pa3pa6oTaHbi ocHOBHbie Tpe6oBaroia K cocTaßy H xapaKTepHCTHKaM 6OPTOBOH 

peracTpHpyiomeH annapaTypw H cnenHaJibHbie Tpe6oBaHHa K KA. 

060CH0BaHbI npHH^nbl riOCXpoeHHH  CneHHaJIH3HpOBaHHOfi KOCMHHeCKOÖ CHCTeMbI 

H KA MOHHTopHHra npeÄBecTHHKOBbix HBneHHH B 0K0Ji03eMH0M KOCMH^ecKOM npo- 

CTpaHCTBe. B ee cocTaB AOJDKHM BXOflHTb: 

- op6HTajibHaa rpynnapOBKa, BKJiionaiomaH KA, pacnojioaceHHbie Ha BepXHeM H 

HWKHQM apycax, 

- Ha3eMHbift H3MepHTejibHHH KOMnneKC, BKJnonaiomHH Ha3eMHbie nymcTbi ceficMO- 

jionwecKHX Ha6moaeHHH, npneMa H o6pa6oxKH H3MepHTejibHofi HH<J)opMaHHH, 

- Uemp ynpaBJieHHJi none-roM KA, 

- U,eHTp c6opa, o6pa6oTKH H aHamca nHÜpopuanmi. 

BepxHHfi cnyTHHKOBbifi apyc AOjraeH cocTOHTb H3 Tpex - qeTbipex cnyraHKOB, pac- 

nojio^ceHHbix Ha KpyroBbix COJIHCHHO - CHHXPOHHWX op6HTax BMCOTOH -1000 KM. Ha 

3THX cnyTHHKax AOJDKeH ocymecranflTbCfl rao6ajibHbifi KOHTpojib TpexMepHoro 

(innpoTa, «ojiroTa, BbicoTa) pacnpczjejieHHH sjieKTpoHHofi KOHneHTpanHH B HOHoc(J)epe 

c Hcnojib30BaHHeM 6opTOBoro HOHOsc-H^a, Mace - cneKTpoMCTpra HomwHpoBaHHOH H 

HeHTpajibHofi cocTaBJiaiomHx ra3a B HOHOc4)epe, jioKajibHbie H3MepeHHa TeMnepaTypbi 

njia3MW, Ha6moAeHHfl aTMOC(})epHbix SMHCCHH H3 o6jiacTefi EHF HOHOCtfcepbi, HK H 

CB1! TeMnepaTypHHH MOHHToppmr 3eMHofi noBepxHocra, anajiH3 nHTH - yraoBoro H 

3HepreTHqecKoro pacnpeaeneHHs noTOKOB BbicoKOSHepnraHbix qacran H npH aocTa- 

TOIHO BbICOKOH 3JieKTpOMarHHTHOH COBMeCTHMOCTH npHÖOpOB  -  aHaJIH3 YHH-KHH- 

OHH H3Jiy^eHHH. B KanecTBe aJibTepHaTHBbi BepXHeMy apycy BO3MO>KHO Hcnojib30Ba- 

HHe ce-ra Ha3eMHbix eraHHHH npHCMa HH<J>opMaHHH c KA CHCTCMM "Dic-Hacc". 

HHHCHHH cnyTHHKOBbifi apyc flc-jraeH cocTOHTb H3 6-9 nap Manwx cnyraHKOB Ha 

KpyroBbix opÖHTax BMCOTOH -400 KM H HaKnoHeHHeM 65-83 rpa«. Kaacaaa H3 nap 



cnyTHHKOB HaxoflHTCfl B oflHOH nnocKOCTH opÖHTbi c pa3HOCTbK) BpeMeHH npoxoaqjeHHa 

Bocxoflamero y3Jia 15-30 MHH. HIIOCKOCTH opönr nap cnyTHHKOB HOJDKHM 6biTb paBHO- 

MepHO pacnpefleneHW no «ojiroTe. ITepHOflnqHOCTb noaBjieHHa KA B 30Hax npoaBJiemia 

npe^BecTHPiKOBbix 3<jx|)eKTOB cocTaBHT npn STOM He 6ojiee 1,5-2 nacoB. Ha STHX cnyT- 

Hm<ax AOJDKHM ocymecTBJMTbca H3MepeHna YHH-KHH-OHM BOJIH, KBa3HnocToaHHbix 

ajieKTpHqecKHX nonefi, rnioTHOcra roiasMbi, MaccoBoro cocTasa HOHHOH H HefiTpajibHOH 

cocTaBJifliomnx njia3Mbi, noTOKOB BbicoKosHepraqHbix nacran, aTM0C(|>epHbix SMHCCHH 

B pa3JIHHHHX JIHHHflX KHCJIOpOfla H a30Ta B nOflCTiyTHHKOBblX oönacTHX H rHflpOKCHJIb- 

Hbix 3MHCCHÖ npn HaöinofleHHJix B HanpaBJieroiH jiHMÖa 3eMnn. 

CoBMecrao c H3MHPAH pa3pa6oTaHbi npefljioaceHHa no KOMroieiccy 6opTOBOH 

HayHHOö annapaTypw wia Ha6nioAeHHH npeflBecTHHKOBbix aBJieHHfi. B ero cocTaB 

flonacHbi BxoflHTb: 

1. yHH-OHH BOJIHOBOH KOMnneKC «na H3Meperoia n aHanH3a BonHOBbix H3Jiyne- 

HHH B ÄHana30He nacTOT 0,1 Tn - 23 KTU,. 

2. BbicoKOHacTOTHWH BOJIHOBOH KOMnneKC AJM H3MepeHHfl cneKTpa sjieKTpoMar- 

HHTHWX H3JiyqeHHH B «Hana30He 0,1 - \5MTU, H 3JieKTpOHHOfi nJIOTHOCTH. 

3. H3MepHTejib sjieKTpocTaTmecKHx nojiefi «JM H3Mepemia 3 KOMnoHem KBa3nno- 

cTOHHHoro sjieKTpH^ecicoro nojia. 

4. CneKTpoMeTp SHeprarabix nacinn fljia H3MepeHHa sHepreraraecKoro pacnpeflene- 

HHH   H   BapnanHH   HHT6HCHBHOCTH   nOTOKOB SJieKTpOHOB H HOHOB C SHeprHSMH 20 K3B- 

2M3B. 

5. OnTHHecKHfi KOMnneKC ana H3MepeHna xapaKTepHCTHK aTMoc(f)epHbix SMHCCHH. 

6. Iljia3MeHHbiH KOMnneKC fljia H3MepeHna HOHHoro H HeöTpanbHoro cocTaßa, 

nnoTHOCTH, BapnanHH HJIOTHOCTH H KOMnoHeHT cKopocra Apenctm nna3Mbi. 

7. KoMnjieKC HOHOC^epHofl TOMorpa(J)HH ana nocTpoemia «ByMepHoro pacnpeae- 

neHHa sjieKTpoHHon KOHnempannn. 

8. CncTeMa c6opa H npeABapnrejibHOH oöpaÖoncn HH<J)opMauHH, oöecnennBaiomaa 

c6op, npeflBapHTejibHyio o6pa6oxKy H xpaHeHne HH<J>opMaHHH c öopTOBbix H3Mepn- 

TenbHbix npn6opoB, a Taiojce ynpaBJieHne pa6oTon npnöopoB H nepe^any aaHHbix Ha 

3eMJiK>. 

CyMMapHaa Macca 6opTOBoro Hayraoro KOMnneKca cocTaBJiaeT 53 Kr, sHeprono- 

TpeöneHne - 69 BT. 

HayHHaa annapaTypa Tpe6yeT TpexocHofi CTa6HJiH3anHH B op6HTanbHOH CHCTeMe 

KOOpAHHaT C TOHHOCTbK)   ±10°, a npH nOBblUieHHH CeHCMHHeCKOH aKTHBHOCTH - flO ±1°. 



fljIS pa3BepTHBaHHH H BOCnOJIHCHHH CHCTeMH H3  12 -   18 CnyTHHKOB cpoK aKTHBHOrO 

cyu^ecTBOBaHHfl KA flOJiaceH cocTaBJum. He MeHee 2 - 3 ncr. 

Ha ocHOBe craTHCTHHecKoro aHajiH3a flaHHbix no SKcnjiyarapyeMbiM H pa3pa6aTbi- 

BaeMMM KA MO»CHO 3aKjnoHHTb, *ITO npn yKa3aHHbix Macce H 3HepronoTpe6jieHHH 6op- 

TOBOH ueneBOö annapaTypw H 3a^aHHOM cpOKe aKTHBHoro cymeciBOBaHHfl Macca KA 

He npeBbicHT 200 - 350 Kr. TaKHM o6pa30M, KA, BxoßamHe B cocTaB HH>KHero apyca 

CHCTeMbi npeAynpejKÄeHiw o 3eM,neTpaceHHax, OTHOCATCA K Knaccy MajiOMaccoBbix KOC- 

MHHecKHx annapaTOB (MKA). 

OAHH H3 BapnaHTOB npoeKTHoro oönraca TaKoro MKA npopaöoTaH KB "ApceHan" 

HM. M.B.Opyroe. OcoGeHHOCTHMH ero KOHcrpyKHHH aBJiaeTca TO, ITO KOMnoHOBKa 

cnyace6Hbix CHCTCM npoH3BOÄHTca He B e^HHOH cöopice (njiaT<J)opMe), a B BHn;e OTflenb- 

Hbix MOAyneö, flonycicaiomHx HX B3aHMnyio nepeKOMnoHOBKy H H3MeHeHHe MOKMO- 

«ynbHbix CBH3efi H napaMeTpoB. TaKofi no^xofl, noMHMO oöecne^eHHA yHH^mcauHH 

MKA pa3JiHHHoro rana, no3BOiweT npoH3BOflHTb npoeKTHpoBaHHe H H3roTOBneHHe 

MOAynefi c yqeroM HX HenpepwBHOH MOflepHH3aHHH. Ea30Bbifi Mo^yjib MKA npewiara- 

eTca co3flaBaTb B cocTaBe cneflyiomHX uojiysien: 

- MoayjiH CHCTeMbi aneKTpocHaÖKeHHH (C3C), B KOHcrpyKHHH KOToporo npefl- 

ycMOTpeHa B03MOKHOCTb HapaiHHBaHHH H nepeKOMnoHOBKH coJiHe^Hbix 6aTapefi, 

- MoayjiH ÄBHraTejibHOÖ ycTaHOBKH (ßV), 

- MOflyJM CHCTeMbi OpHeHTaHHH H CTa6HJIH3aUHH, KOHCTpyKHHfl KOTOpOTO yHH<f)H- 

HHpyeTca AJW MKA pasjiHHHoro rana, 

- CHUOBOH paMbl-KOHCTpyKHHH, Ha KOTOpOH np0H3B0flHTCfl KOMnOHOBKa MOflyJieH H 

pa3MemeHHe BHeuiHHX sjieMeHTOB H ycTpoflcTB. 

OöHJHH BHfl MKA HH^Hero apyca B pa6o^eM nojioaceHHH noKa3aH Ha pncyHKe. 

BopTOBaa Hay^Haa annapaTypa pa3MemaeTCH B npnöopHOM MOAyjie, H3roTaBJiHBaeMOM 

B BHfle HeTbipexrpaHHOH npHSMbi H ycraHaBjiHBaeMOM COOCHO C MOflynaMH ffy H C3C. 

HacTb «aTHHKOB pa3MemaeTCfl Ha BbmocHbix uiTaHrax. 3TO HCO6XO3HMO AJM CHHKCHHH 

ypoBHa sjieKTpoMarHHTHbix noMex npn perncrpaHHH napaMeTpoB 3JieKTpoMarHHTHbix 

nojieii H roia3Mbi. 

Oco6eHHOCTbK» KOHCTpyKHHH MKA HBJMeTCH TO, mo ero opHeHTauHa B nojieTe 

ocymecTBJiseTca c noMombK» aapoAHHaMHHecKoro CTaÖHHH3aTOpa, pojib KOToporo HT- 

paioT OTKHÄHbie naHejiH cojiHe*mbix öaTapeö. ÜHflHKaHHa yraoBoro noJioaceHHfl MKA 

ocymecTBJiaeTCH 3a cner HcnojibsoBaHHH HK nocTpoHTejia MecraoH BepTHKajiH H COJI- 

HeiHoro flaTHHKa opneHTanHH. npn HCOOXOAHMOCTH (B cny^iae noHBjieHHa nproHaKOB 





noBwiueHHfl ceftcMHHecKOH axTHBHocxH) MKA nepexo/uiT B pe>KHM TOMHOH 

CTa6HJIH3aUHH. B 3T0M peÄHMe TOqHOCTfa CTa6HJIH3aUHH flOBOflHTCH flO      ± 1°. 

HcnojiHHTejibHbiMH opraHaMH cjiyxaT ra30peaKTHBHbie ^BHraTejiH CTaOHJiroa- 

UHH. 
Moayjib RY npewcTaBJMCT COöOH ajieMeHTbi H yerpoScTBa flBHraTenbHofi 

ycTaHOBKH, cMOHTHpOBaHHbie Ha o6meö CHJioBOH KOHCTpyKUHH. B KaqecTBe 

pa6onero Tejia RY HcnojibsyeTca flByxKOMnoHem-Hoe TonJiHBO (AT + H^Mr). 

MoÄyJib C3C KOHCTpyKTHBHO o6pa3yeT eÄHHyio cöopKy, coeroamyio H3 

npH6opHoro 6jioxa H OTKHAHWX naHejiew COJIHC-IHUX 6aTapeö. IIpH6opHMH 

6JIOK npeÄCTaBJiaex CO6OH yceqeHHyio BOCbMHrpaHHyio nHpaMH^y. TIoBepx- 

HOCTb 4-x H3 8-H Hapy«Hbix ceKUHfi naHejieö noicpbiTa <J>0T03JieiGTpHHecKHMH 

npeo6pa30BaTeji5iMH. noBepxHOCTb flpyrax 4-x naHeneg nrpaeT pojib pa^auM- 

OHHoro TennooÖMCHHHKa CTP. BHyTpeHHM noBepxHOCTb impaMHaw oöpaso- 

BaHa coTOBbiMH naHejiHMH c TennoBbiMH Tpy6aMH H c;iy>KHT ana pasMemeHM 

aKKyMyjiOTopHbix GaTapefi, 6JIOKOB annapaTypbi peryjiHpoBaHH* H KOHTpcura 

C3C, 6noxa pacnpeaejienH« unraimn, a TaioKe OTflejibHbix 6JIOKOB J\Y. 

IlpeflBapHTejibHbiH npoeKTHbiw aHajiH3 noKa3aji, HTO Macca paccMOTpeHHO- 

ro BapHaHTa MKA CHcreMM npe,n;ynpe>KfleHH5i o 3eMJieTpaceHHHX cocTaBHT 290 

Kr, cyMMapHoe 3HepronoTpe6jieHne öopTOBoM annapaTypbi - 137 BT. fljia Bbi- 

BQReniifi MKA Ha paöonne opÖHTbi MoryT 6biTb Hcnojib30BaHbi paKeTbi- 

HOCHTejiH "POKOT", "PHKiua", "IIPH6OH", o6ecneHHBaioinHe 3anycK OAHOBpe- 

MeHHO 2-x MKA. 

JIHTEPATYPA 

Hccne^oBaHHe npHHunnoB nocTpoeHna nuaTHbix cnenHajiH3HpoBaHHbix 

MajioraßapHTHbix KOCMHHCCKHX annapaTOB am Ha6jnoAeHHsi npe^BecTHHROB 

3eMJieTpaceHHH B OKOJioaeMHOM KOCMHHCCKOM npocTpaHCTBe. CncTeMHbiH npo- 

eKT. LJHHHMam, KB "ApceHan" HM. M.B.OpyHse, HHH3M. 1996 r. 
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HccjieflOBaHEM TpexMepHOH CTpyicrypbi cojiHenHbix reo3(j)(|)eKTHBHbix 
o6pa30BaHHH HBJiaeTca OAHHM H3 OCHOBHLIX HanpaBJieHHft, onpeflejiaiomHX 
nepcneKTHBbi B (])H3HKe CojiHua. KocMtraecKne o6cepBaropHH no3BOJiHJiH Hccjie^OBaTb 
Cojimje B ,miana30Hax H3jryqeHHa, HeflocTyrrabix c noBepxHOCTH 3eMJiH. CoBpeMemtbie 
HccjieflOBaHHa no3BOJiHJiH BbiHBHTb B aTMOc<|)epe CojiHua MHoroo6pa3He pjerajievL H 

ZBnemm, <j)H3HHecKaa npHpo^a KOTopux He MoaceT 6biTb ycTaHOBjieHa npn 
HaöjnofleHHH c o^Horo HanpaBjieHH»:. flna BbiaBJiemia peajibHoft <j)H3HHecKOH KapTHHbi 
HeoöxoflHMti Haörao^eHHa, KaK MHHHMYM, C ppyx HanpaBJieHHft. Heo6xo«HMbi 
cTepeoHa6jiK)«eHHH CojiHHa. GrepeoHa6.rao,neHHa B ffsyx. H 6ojiee npocTpaHCTBeHHLix 
HanpaBneHHax «aiOT B03MoacHocxb H3yqeHHa CTOJIB mnpoKoro Kpyra 3a,n;aH 
rejraoreo^H3HKH, HTO B Hacroamee BpeMa oöcyagjaioTca pa3JiHHHbie BapnaHTBi 
TexHHHecKoii peanroauHH CHCTeMbi CTepeocKonHnecKHX HaßjnofleHHH, B TOM HHCue c 
Hcnojib30BaHHeM Manbix crryTHHKOB. 

JJjm HaSjnofleHHH CojiHua HaHÖojibiHHH HHTepec npeflCTaßjiaioT CHCTCMH, 

coxpaHaiomne CBOKD reoMeTpmo HeorpaHHraeHHO aojiro. B CBa3H c STHM B paöoTax 
aBTOpOB      paCCMOTpeHLI     B03M03KHOCTH      C03,HaHHa     ÄOJirOBpeiVieHHOH      COJIHeHHOH 
CTepeocKoiraqecKOH o6cepBaropHH c pa3MemeHHeM 2-x KA B ipeyrojibHbrx TOHKax 
jiHOpauHH CHCTeMti CojiHH.e-3eM.na (npoeKT «CTepeocKon - 2000); L4 H L5. B STOM 

cjrynae KA Qyjxyr cymecTBOBaTb HeorpaHHHeHHO #ojiro H HMCTB He TpeöyioiHHe 
KoppeKUHH CTaÖHJibHbie opGHTbi. TejiecKonbi pa3MemeHHbie Ha KA 6ynyT npn STOM 

Ha6jno«aTb CojiHije c 2-x HanpaBJiemiH, yroji Meawy KOTopbiMH 6yfleT coeraBJiaTb 
120 , a paccToaHHe #o 3eMjra 1 a.e. ABTopaMH paccMOTpeH rrpoeKTHbrii OöJIHK KA, 
oÖecneHHBätoiHero CTepeoHa6'jHO,n;eHHa CojiHHa, cxeMbi BbiBeaeHHa H onpe^eneHHa 
nojiojKemia KA npn nowieTe K xoHKaM L4; L5, Borrpocbi nepeflann Ha 3eMjno 
Ha6jTK)ÄaTejibHOH HH<])opMaHHH c oöbeMOM ao 5 rSafiT/cyTKH. IIpH STOM noKajaHo, HTO 

HecMOTpa Ha TexHHHecKyio B03MoacHOCTb pa3BepTbiBaHHa B TOHKax JiHOpauHH KpyrrHofl 
oöcepBaTopHH, c Maccoft KHA «o 750 Kr, ee 3c[)(|)eKTHBHOCTb MOKCT OKa3aTbca 
HeflocTaTOHHoii   «Jia   HCGneAOBamia   Bcero   cneKTpa   aßjieHHH   B   TeneHHe   iiHKJia 
COJIHeHHOH aKTHBHOCTH. B HaCTOameM «OKnaÄe aBTOpbl paCCMaTpHBaK)T B03M05KHOCTH 

co3flaHHa HapamHBaeMofi MHoroMOflyjibHofi: CHCTeMbi CTepeoHa6inofleHHH CojiHti;a, 
cocToameft H3 cxryaceOHoro Mo^yjia c 3anycKaeMbiMH K Heiwy cneHHajncHpoBaHHbix 
Majibrx cnyTHHKOB no nporpaMMe npoBefleHHa HaynHbix HccjieAOBaHHH B TeneHHe 11- 
jieTHero HHKJia COJIHCHHOH aKTHBHOcra. 
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Investigation into the three-dimensional structure of solar geoeffective 
features is one of the main research areas that determine the long-term 
prospects in solar physics. Space observatories were instrumental in 
investigating the Sun in emission ranger not accessible from the ground. 
Recent research made it possible to reveal in the solar atmosphere a diversity 
of details and phenomena whose physical origin cannot be ascertained 
through observations from a single direction. Revealing the actual physical 
picture requires observations made from no fewer than two directions. Stereo- 
observations of the Sun are needed. Stereo-observations in two or more 
spatial directions provide a means to study such an extensive range of 
problems in heliogeophysics that discussion continues concerning different 
versions' of technical implementation of stereoscopic observation systems, 
including those using small satellites. 

In the context of solar observations, of the greatest interest are systems 
capable of retaining their geometry indefinitely long. In this connection, 
these authors in their publications explored the possibility of creating a 
permanent solar stereoscopic observatory by placing two spacecraft at 
triangular libration points of the Sun-Earth system ("Stereoscope-2000' 
project). In this case the spacecraft will have an indefinitely long lifetime, 
with stable orbits which do not need any correction. The spacecraft-borne 
telescopes will in this case observe the Sun from two directions, with the 
angle between them making up 120 degrees, and the distance to the Earth of 
1 AU. These authors have considered the spacecraft design configuration to 
ensure stereo-observations of the Sun, the systems for placing the spacecraft 
in orbit and determining their position as they approach the points L4 and 
L5 as well as the issues of transmitting to the ground observational data.at 
the' rate- of up to 5 Gbytes/day. Further, it was shown that notwithstanding 
the fact that it is technically feasible to deploy at the libration points a large 
observatory, with the spacecraft mass of up to 750 kg, its effectiveness would 
be insufficient for investigating the entire spectrum of phenomena over a 
cycle of solar activity. In this paper, we explore the possibilities of creating an 
extendable multimodular system for stereo-observations of the Sun, consisting 
of a service module with special-purpose small satellites launched to it within 
a research program during an 11 -year cycle of solar activity. 

V.Grigoryev 
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Peftepar 

MajibiH KOCMHMecKHH annapaT (MKA) MHCCHH «HHTeprejiHOC» 
npeflHa3HaHaeTca RJVI nccjieflOBaHHai BHyrpeHHefi rejiHOCtpepbi H CojiHua c 6JIH3KHX 

paccTOHHHH. JSfla c6jiH5KeHHHH c COJIHUCM (nepHrejwH OKOJio 20 Rs) npeflnojiaraerca 
Hcnojib30BaTb MHoroKpaTHbie rpaBHTauHOHHbie MaHeBpbi y BeHepw B coneraHHH c 
ajieicrpopeaKTHBHbiM ÄBHraTejieM Majiofi mm, KOTopwe oGecnenHBaioT nocTeneHHoe 
noHH»ceHHe nepurejiH«, no3BOJiHK)T peajiH30BaTb peacHM CHHxpoHHoro BpameHHfl 
KOCMHHecKoro annapaTa H Cojinua (icopoTam«i) Ha npoTaaceHHH flocraTOHHO 
AJiHTejibHoro HHTepBajia BpewieHH, a Taicace, no3BOJiaiOT ocymecTBjisTb nepHOflHnecKHe 
cÖJiHKeHHfl c MepKypHewi. PaccMaTpHBaerca Taicace B03Mo>KHOCTb nocjieayiomero 
HaicjiOHa  opÖHTbi  MKA   K  OJIOCKOCTH  SKJIHITTHKH  fljw   BbinojiHeHHH   nporpaMMbi 
HCCJieaOBaHHH Ha# nOJMpHbIMH OÖJiaCTHMH COJIHUa, 

B cocraB nojie3HOH Harpy3KH O6IHHM BCCOM He Sojiee 60 Kr BXO#HT npnoopbi 
flHCTaHUHOHHoro HaöjifOfleHH« Cojmua (orrraHecKHH, pemreHOBCKHH H 

yjibTpa4)HOJieTOBbiH Tejieciconbi, rcopoHorpa«})), a Taioice KOMnneKC p,sm rejiHOC<j)epHbix 
HCCJieaOBaHHH (aHajiH3aTopbi HacTHu, cojmenHoro Berpa H njia3Mbi, MarHHTOMerp, 
flereKTopbi 3HeprHHHbix HacTHu., HeftrpoHOB H nbijiH, paflHocneicrpOMeTp). 

MKA öyaer cna6>KeH TenjicwamHTHbiM aicpaHOM H cneuH&rrbHO 
CKOHCTpyHpOBaHHbiMH cojiHeHHbiMH GarapeflMH. 



BßeneHHe 

MHCCHH «HHTeprejiHOC» HBjiHeTca HaHÖojiee HHTepecHbiM H3 paccMaTpHBaeMbix 
B HacToau^ee BpeMfl KOCMHHCCKHX npoejcroB no HCCJieAOBaHHio BHyrpeHHeH COJIHCHHOH 

CHCTeMbi (BKjuoHaa CojiHije, MeaauraHerHyio cpeAy H njiaHeTy MepKypHfi). npoeicr 
pa3pa6aTbiBaeTca B paMKax nporpaMMW cpyHAaMeHaribHbix KOCMHHBCKHX HCCJieflOBaHHH 
POCCHHCKOH  aKafleMHH  Hayjc noA arHAofi  PoccHHCKoro  KOCMHnecKoro  areHTCTBa. 
EßpOneÜCKHe HHCTHTyTbl, HMeiOlUHe AJIHTejIbHbM OnblT KOCMHHeCKHX HCCJieÄOBaHHH   B 

oÖJiacTH 4)H3HKH COJIHIW, MeacnjiaHCTHOH cpeflbi H rumner, Taicace npeAnonaraioT 
npHH«Tb HenocpeACTBeHHoe ynacTHe B npoeicre no« arHflOH EßponencKoro 

KOCMHnecKoro areHTCTBa. 
3aflana «Hnreprejinoca» — noAOHTH KaK MO>KHO ÖJinace K Cojmuy B TOHKC, r«e 

annapaT 6yAeT BpeiweHHO HaxoAHTbca Ha KBa3H-icopoTauHOHHOH op6nTe (T.e. AO 30 
cojiHeHHbix paAHycciB HJIH MeHbiue). npeAbWyiAHH annapaT «rejiHOC», KOTOpbifi 
noAOuiejTi K CojiHuy Ha paccTOHHHe OKOJIO 63 cojmeHHbix paAHycoB, noSßOJiHji 
o6b«CHHHTb MHorae ocoöeHHOCTH Ha6jiK)AaeMbie BO BHyrpeHHeH rejiHoc<J)epe H 

MeJKnjianeTHOH cpe«e, H B HacraocTH, — B COJIHCHHOM Berpe. Pa« HeoöbiHHbix 
aBJieHHH Ha6jiK)AaJic.a npH npoxoacAeHHH nepnrejiHH, Tarae KaK, HanpHMep, 3aMerHoe 
naAeHHe   TOIOTHOCTH   njia3Mbi   (BO3MO>KHO,   CBH3aHHoe   c   oneHb   npOTJiaceHHbiMH 
KOpOHaJlbHblMH   CTpHMepaMH)   H  3nH30AHHeCKH  perHCTpHpyeMblfi  A03ByKOBOH   nOTOK. 
KaK noKa3biBaeT onbiT nocjieAHHX Ha6jnoAeHHH Ha KopoHorpa(|)e SOHO, 3-TH HBJICHHH 

AOJi>KHbi 3HaHHTejibHO name BCTpenaTbCH Ha paccTOHHHHX OKOJIO 30Rs. KpoMe Toro, 
6jiaroAapH HaioiOHy noaca KopoHaJibHbix CTpHMepOB OT njiocKOCTH SKAHHTHKH, 

«rejiHOC» Mor ocymecTBjiHTb peryjiapHbie Ha6jiiOAeHHJi BbicoKOCKOpocraoro 

cojiHeHHoro Berpa. 
«HHTeprejiHOC» no3BOJiHT AerajibHO HCCjieAOBaTb 3-TH npOTaxceHHbie 

KopoHajibHbie CTpHMepw, a Tarace CBJöaHHoe c noacoM CTpniwepoB ycKopeHHe 
MeAJieHHoro cojmeiHoro Berpa. Eojiee Toro, MHoroKpaTHoe npoxo^AeHHe nepe3 
o6jiacTb öbicrporo cojmeHHoro Berpa no3BOJiHT HccjieAOBaTb npo6iieMy ero 
ycKopeHHH. riepHOAbi KBasn-KOpoTauHH B6JIH3H nepHrejiHü npoAOJiacHTejibHOCTbro 
HecKOJibKO AHefi no3BOJMT H3ynaTb BcnwuiKH, Bbiöpocbi H Apyrne aBJienvm COJIHCHHOH 

aKTHBHOCTH Ha KOHKpeTHofi rejinoAOJiroTe, H36era« TaKHM o6pa30M ciweuieHHa 
BpeivieHHbix H npocTpaHCTBeHHbix BapnaHHH, KOTopoe 3aTpyAHJUio npflMwe Ha6jiiOAeHHfl 

B npouijiOM. 
CymecTByioT   H   Apyrne   npeHMymecTBa,   CBa3aHHwe   c   OKOJiocojmeHHbiMH 

H3MepeHH3MH, HanpHMep, B03M05KH0CTb CTepeOCKOnHHeCKHX HaÖJIIOAeHHH COJlHeHHOH 
KOpOHbl  (napajIJiejIbHO   C   Ha6jIK>AeHHHMH   C  3eMHOH   OpÖHTbl),   a  TaK>Ke   B03M0)KH0CTb 
HaÖJiioAaTb c oneHb BMCOKHM pa3peuieHHeM <})OTOC<pepHoe MarHHTHoe nojie H EUV 
CTpyicrypbi B nepexoAHOH oÖJiacTH H xpOMOC<pepHOH cerKe H aKTHBHyio KopoHy B 

MarKOM peHTreHOBCK.OM H3JiyHeHHH. Bce 3TO MOJKHO ACJiaTb c noMombio Majiwx 
HHCTpyMeHTOB, He Tpe6yK>uj,Hx AJifl AOCTHHceHHa BbicoKoro pa3peuieHH« HH öojibiuoro 
3epKana, HH HHTep<pepoMerpHH HJIH KaKHx-jinöo Apyrnx CJIOHCHMX TexHHHecKHX 
cpeACTB. ßjw «HHTeprejiHoca» 3Ta 3aAana o6jierHaeTca 6jiH30cTbio K Cojmuy: 
paccTOHHHe KOCMHnecKoro annapara OT Cojmna B nepnrejiHH cocTaBjraer Bcero OAHy 
ceAbMyio a.e. Ha 3TOM paccTOflHHH yraoBoe pa3peuieHHe, paBHoe 1 ceK. Ayrn Ha 1 a.e., 



cooTBercxByeT Bcero 100 KM Ha Cojraue. TaKHM o6pa30M, AJW AOCTHXCHMK BbicoKoro 
npocTpaHCTBeHHoro pa3pemeHHfl npH AHCTaHUHOHHbix Ha6jnofleHHHX CojiHua c KA 
«HHTeprejiHoc» AOCTaTOHHbi Heoojibuine TejiecKonbi, rejiHOC(j)epHbie ace npn6opbi 
Taicace jierKOBecHbi, H HMCHHO STO no3BOjraeT yAOBJieTBOpHTb ocHOBHbie TpeöoßaHHH K 

Ha6jnoAeHHHM c Hcnojib30BaHneM MaJioro KOCMHnecKoro annapaTa. 
BaacHbiM   npeHMymecTBOM   «HHTeprejiHoca»   HBjmeTCH  TaioKe   BbinojiHeHne 

pa3HOn03HqHOHHbIX AHCTaHaHOHHbK  Ha6jIK)fleHHH  CoJIHUa  H  JIOKajlbHblX  H3MepeHHH 
B6JIH3H Cojmua. KA «HHTepFejiHOC» 6yAer Bpamarbca BOKpyr CojiHua Ha pa6oneH 
op6HTe npHMepHO B TpH pa3a 6biCTpee 3eMJiH H nosTOMy 6yAer 3aHHMaTb pa3Hbie 
nojioaceHHa no OTHomeHHK) K JIHHHH CojiHH,e-3eMjra, 6yfler MHoroKpaTHO nepeceicaTb 
3Ty jiHHHK) H pacnojioraTbca no3aAH CojiHua. Bee STO HO3BOJIHT HMerb nepHOA" 
nepeKpbiTHH nojieft 3pemw Ha Cojmue CKAHC 3eMjw H TeM caMbiM BbinojiHHTb 
coBMecrao c 0K0ji03eMHbiMH KA CTepeoHaöJiiOAeHHfl noBepxHOCTH CojiHua H ero 

KOpOHbi, Ha6jiK)AaTb npH pacnojioaceHHH KA c6oKy OT JIHHHH CojiHu.e-3eM.ra 
pacnpocrpaHHiomHecH B HanpaBjieHHH 3eMjiH Bbi6pocbi H BOSMymeHH*, BbinojiHHTb npH 
nepeceneHHH KA JIHHHH CojiHH,e-3eMjifl jioKanbHyio AnarHOCTHKy 3THx HBJICHHH Ha 
«ocTaTOHHOM yflajieHHH OT 3eMJiH, oöecneHHBaiomeM  3a6jiaroBpeMeHHbiH nporH03 HX 

B03M03KHbIX  reO(|)H3HHeCKHX  HpOflBIieHHH  -   MarHHTHblX     6ypb   H     T.A-,   OCymeCTBHTb 
MHoroKpaTHoe paflHonpocBenHBaHne cojmeHHOH KopOHbi npn pacnojioaceHHH KA 
no3aAH CojiHHa, Ha6jnoflaxb neBHAHMyio c 3eMJiH cTopoHy CojiHua H o6ecneHHBarb 
HH^opMannio o COCTOHHHH aKTHBHOCTH Ha 3T0H cTopOHe nepeA BbixoflOM ee Ha 
oöpameHHyio K 3eMJie CTopoHy. 

IToriyTHbiM oöteicroM HCCJieflOBaHHa Moacer 6biTb MepKypHH, nepnoA opÖHTbi 
KOTOporo npn onpeAejieHHbix ycjiOBHsrc 0Ka3biBaercs[ coH3MepHM c nepHOAOM 
ABHaceHHa KA Ha op6Hxe. CymecTByeT eme MHoacecrBO HCHCHMX BonpocoB, 
CBH3aHHbix c H3yneHHeM Tex o6jiacTefi njiaHeTbi, KOTopwe He BHAHM öMJIH C 

«MapHHepa-10», c noncKaMH BOAHOTO jibAa B rjiy6oKHX nojiapHbix KpaTepax (o 
cymecTBOBaHHH Koxoporo cBHAeTejibCTByioT AaHHbie paAapHbix HaöjiioAeHHH B 

ApecHÖo) H H3yneHHeM aKTHBHOH MarHHTOc4)epbi. 
/Jjia o6ecneHCHHa Bcex STHX H3MepeHHH npeAnojiaraercsi pa3pa6oTaTb KOMnjieKC 

HayMHofi annaparypbi c He6ojibuiHM BecoM (He 6ojiee 60 Kr), XOTH npH STOM npHAerca 
npHjiOMCHTb AonojiHHTejibHbie ycnjina fl,m C03AaHHJi 6ojiee jierKHX HHTerpHpoBaHHbix 
npn6opHbix KOMnjieKCOB c HcnojibsoBaHHeM coBMecTHbix sjieMenroB AJI» UHIJJPOBOH 

o6pa6oTKH AaHHbix H ajieicrpQHHKH. 3Ta 3aAana HHTepecHa H caMa no ce6e c TOHKH 

3peHHfl pa3BHTHH HOBbix TexHOjiorHH ßflsi 6yAymnx 6ojiee AeuieBbix KOCMHHCCKHX 

SKcnepHMeHTOB. Eme 6ojiee HHTepecHa B03MoacHocTb Hcnojib30Barb B npoeicre 
«HHTeprejiHoc» TexHOJiornio, ocHOBaHHyio Ha npHHnnne Manon Tarn, B pa3pa6oTKe 
KOTOpOH   POCCHH   3aHHMaeT   JIHAHpyiOIAHe    n03HHHH    B    MHpe,    H   TaKHM    o6pa30M 
oöecneHHTb noAAep>KKy H AanbHefiinee pa3BHTHe 3Toro HanpaBjieHHa. ECJIH POCCHS He 
cyMeeT caMa onpoooBarb H Hcnojib30BaTb HOByw TexHOAornio, ecTb BepojrraocTb, HTO 

HHHUHaTHBa 6yAeT nepexBaneHa ApyrHMH KOCMHH6CKHMH areHTCTBaMH. 
«HHTepreAHOC» 6yAer BbwaBaTb pe3yjibTaTbi HaÖJiioAeHHH H H3MepeHHH H3 

oÖJiacTH HCCAeAOBaHHH noHTH HeMeAJieHHO H B TeneHHe Bcero nepHOAa HCH3HH Ha 
opÖHTe. OH yAOBjieTBopaer MHoroHHoneHHbiM Tpe6oBaHHHM AJiHTejibHbix 
OKOAOCOAHenHbix   Ha6jiK)AeHHH   MeMcnjiaHeTHofi   cpeAbi,   Ha6jiK)AeHHH   CojiHua   c 



BbicoKHM pa3peuieHHeM, crepeocKonHHecKHX Ha6jnofleHHH KopoHbi (HMeiomHx 
oco6eHHO BaacHoe 3HaneHHa AJM rayneHHa «KOCMHHCCKOH noroAbi»), a Taitace 
oöecneHHBaeT BO3MOKHOCTB Ha6jiK)fleHHH MepKypna, KOTopaa «aace He 
paccMaTpHBaercfl ApyrHMH KOCMHHCCKHMH areHTCTBaMH. 

HayHHbie 3aaaHH MHCCHH 

CojiHeHHaa KopoHa H cojmeTOMH Berep B6JIH3H CojiHua ocraiOTca nooneAHHMH 
o6jiacTaMH CojmeHHOH CHCTCMW, He HConeAOBaHHbiMH c noMomwo npaMbix 
H3MepeHHH. KocMHHecKHH npoeKT «HHTeprenHOC» npH3Ban 3anojiHHTb STH npoöejibi B 

HCcneflOBaHHH BHyxpeHHHX oöJiacTefi COJIHCHHOH CHCTCMH, T.e. CojiHua, H 

rejiHOc4>epbi, c uejibK) jiynuuero noHHMaHHa MarHHTHofi aKTHBHOCTH cojiHenHOH 
aTMOc4)epw H conyrcTByiomero HarpeBa KOpOHbi, reHepauHH H ycKOpeHHa cojmeHHoro 
BeTpa H cojiHeHHbix 3HeprHHHbix nacTHU, njia3MeHHOH, ra30Bofi H nwjieBOH O6OJIOHKH 

BOKpyr CojiHua. 
CojiHeHHbiH Berep oÖTeKaeT BCIO CojmeHHyio CHCTeMy H KOHTpojiHpyer 

Me>KiijiaHeTHoe npocrpaHCTBO BnjioTb flo rejiHonay3bi Ha paccToaHHH OKOJIO 100 a.e. 
3ße3AHbiH  Berep,  KopoHbi  H  ruiaHerapHbie  CHCTCMW  cymecTByiOT  BO  BcejieHHoß 
nOBCeMeCTHO,    OAHaKO,    TOJIbKO    B    COJIHCHHOH    CHCTCMe    B03MOHCHM    HX    AeTaJTbHbie 
npaMbie H3MepeHHH. npoeier «HHTeprejiHoc» co3AaH nnsi MHoroKpaTHbix c6jfiH>KeHHH c 
CojiHueM Ha op6HTax B HJIOCKOCTH SKJIHIITHKH c paccroaHHeM B nepHrejiHH OKOJIO 

30Rs. 
MeAJieHHHH    COJIHeHHblH    B6Tep,     HCTeKaKDIAHH    H3    nOHCa    HH3KOUIHpOTHOrO 

3KBaTopHanbHoro crpHMepa BOKpyr CojiHua, HCHO BHACH Ha H3o6pa»ceHHax, 
nojiyneHHbix c noMombio KOpoHorpa^a Ha SOHO. TIo CBoefl npnpoAe OH oneHb 
H3MCHHHB  H  HeyCTOHHHB  H  HOSTOMy  A-™  erO   HaÖjHOACHHa  H  H3yHeHHfl  Heo6xoAHMO 
npHMoe 30HAHpOBanHe B6JIH3H HCTOHHHKa Ha 3aAaHHOH rejiHorpa4)HHecKOH AOJiroTe, 
KOTOpOe   n03BOJlHJIO   6bl   0AH03HaHH0   pa3AeJTHTb   BpeMeHHbie   H   npOCTpaHCTBCHHbie 
BapnaHHH. npoeicr «HHTeprejmoc» cocpeAOTOHHTca Ha Ha6jiK>AeHHH noTOKOB 
MeAJieHHoro cojmeHHoro Berpa H cojmeHHbix B03MymeHHH, cBH3aHHbix c MarHHTHofi 
cojiHeHHOH aKTHBHOCTbK), BcnwiuKaMH, nerjiaMH H spynTHBHWMH npOTyöepaHuaMH. 
BnepBbie     6yAyr     ocymecTBjieHbi     Ha6jiiOAeHna     BPCMCHHOH     3BOJIIOU,HH     H 

npOCTpaHCTBeHHOH CTpyKTypbl 3THX HBJieHHH B OCHOBaHHH KOpOHbi C OHeHb BblCOKHM 
npocTpaHCTBeHHbiM (<100 KM) H BpeMeHHbiM (<1 CCK) pa3peuieHHeM c KOCMnnecKoro 
annapara, HaxoAameroca Ha opÖHTe, 6JIH3KOH K reriHOCHHxpoHHOH. «HnreprejiHoc» 
6yAcr TaioKe ocymecTBJiaTb peryjiapHbie Ha6jiiOAeHHa 6biCTporo cojiHenHoro BeTpa, 
noaBJiatomeroca,   KorAa  nojiapHbie  KopoHajibHbie  flbipbi   BbrrarHBaKyrca,  Aocraraa 

SKBaTOpHaJIbHblX OÖJiaCTeH. 

HayHHbiH KQMnjieKC 

JSpx AOCTH5KeHHa noCTaBjieHHbix HeJiefi no Ha6jiK>AeHHio cojmeHHoii H 

OKOJiocojiHeHHofi  njia3Mbi  «HHTeprejiHoc»   AOJraeH   6yA,eT  ocymecTBJiaTb   npaMbie 
H3MepeHHa     HH3KO-     H     BblCOKOCKOpOCTHOrO     COJIHeHHOrO     BCTpa,     AHCTaHUHOHHbie 
H3MepeHHa cojiHeHHofi njia3Mbi B OCHOBaHHH KopoHbi, B BepxHefl xpoMOc4)epe H 



cyneprpaHyjwijHOHHOH cerice, oxBaTbiBaa TaicHM o6pa30M flnana30H 
rejiHOuetrrpHHecKHx paccToaHHH OT flojiefi Rs npHMepHO AO 35RS H 6anee. 

HayHHbiH KOMnjieicc «HHTeprejiHoca» öyaer o6ecneHHTb coneraHHe AeTanbHbix 
npflMblX    HaÖJHOfleHHH    C    HaOjHOAeHHflMH    MarHHTHOH    aKTHBHOCTH    Ha    H    B6JIH3H 

cojiHeHHofi noBepXHocTH. CpaBHHTejibHO a-finHHaa (pa3a KopoTauHH KA c COJIHUCM 

no3BOJiHT ocymecTBjiaTb TaKHe Ha6jnofleHHH, a Taicace BCCTH eenpepwBHbie Ha6jnoAeHHn 
aKTHBHblX OÖJiaCTeH M HX ÄHHaMHKH H 3BOJIK>HHH B COJIHeHHOH aTMOC(pepe H H3Mep»Tb 
HX MOKnuaHeTHbie atjxpeicTbi. Jljm BbinojmeHHfl CBoefi saAann «HnreprenHOC» öyaeT 
HCnOJIb30BaTb   npHÖopbl  AJM  AHCTaHUHOHHblX   H   npHMblX   H3MepeHHH,   n03BOJMK)lHHe 
nojiynaTb xapaicrepHCTHKH H3JiyneHHJi H njia3Mbi B OKonocojiHeHHOM H npocrpaHCTBe. 
HayHHbiH KOMnjieKC KA paccHHTan Ha ycTaHOBKy cneAyiomHx HHcrpyMeHTajibHbix 
öJIOKOB: 

• npHMbie H3MepeHna B MeiKnjiaHerHOM npocrpaHCTBe: 
<DyHKUHH pacnpeflejieHHa TeruiOBbix H 3HeprHHHt>ix nacTHLn, MarHHTHoe nojie, 
MarHHxorHApoAHHaMHHecKHe H njiasMeHHbie BOJIHM, nwjib, HefiTpoHbi H raMMa— 
H3JiyHeHHe, paflHOBOJiHbi B OKOjiocojiHeHHofi rejiHoc<pepe. 

• flHCTaHUHOHHbie  H3MepeHHH  CojiHua: 
nojiyneHHe H3o6pa»ceHHH c BHCOKHM pa3peiueHHeM H cneicrpocKonHH COJIHCHHOH 

aTMOc4)epbI H KOpOHbl, B MaCTHOCTH, B H30paHHbIX AHana30HaX   flJIHH BOJIH OT 
onTHnecKoro AO KpaHHero    yjibTpacpHOjieTOBoro    H    peHTreHOBCKoro H3JiyneHna. 

B KanecTBe OCHOBM AJIH KOMnjieKca HaynHofi annapaTypw «HHTeprejiHoca» 
MoacHO B3«Tb pa3pa6oTKH, Hcnojib30BaBuiHeca Ha KA «rejiHOC», «Ulysses», 
KOPOHAC, Yohkoh, SOHO, AonojiHHB HX oöopyflOBaHneM «JIH AHCTaHUHOHHoro 
30HAHpOBaHHfl CojlHUa H npHMblX H3MepeHHH HaCTHH H HOJiefi C OKOJIOCOJIHeHHOH 
CHHXpOHHOH   OpÖHTbl.   Pa3yMeeTC»,   OKOHHaTeJIbHMH   npoeKT   HayHHoro    KOMRJieKCa 
AOJiaceH cTaTb HOBOH TexHOJiorHHecKofi pa3pa6oTKOH, OTBeHaiomeH OöHJHM 

TpeöoßaHHeM Majioro Beca H KOMnjieKCHoro KOMnaKTHoro AH3afiHa. OH AOJKKCH 

HejieHanpaBjieHHo oöecneHHBarb peiiieHne OCHOBHMX HaynHbix 3a«aH, 
npeflycMETpHBaTb BosMoacHoerb HaiconjieHHfl AaHHbix B cacaTOM BHfle Ha 6opTy KA H 

yAOBjieTBop^Tb Tpe6oBaHHK> yiwepeHHofi CKopocTH   HX nepeAaHH Ha 3eMjno. 
üepeneHb npH6opoB AJW reJiHoc4>epHbix H COJIHCHHUX HCCJieflOBaHHH npHBefleH 

B Ta6jiHu,ax 1 H 2 (yica3aHbi \iacca M, oöbeM V, SHepronoTpeöJieHHe W H CKopocTb 
TejieMerpHH npnöopoB). 

KoHuenuHH KOCMHHecKoro annapaTa 

B KanecTBe 5a30Bofi njiarcpopivibi um KA «HHTeprejiHOC» paccMOTpeHa 
B03Mo>KHOCTb Hcno^b30BaHHH opÖHTajibHoro MOAyjiH, pa3pa6oTaHHoro B HITO HM. 
C. A. JIaBOHKHHa AJIH nepcneicrHBHbix HCCJieAOBaHHH JlyHbi H Mapca. 

3TOT MOflyjib yKOMnneKTOBaH BCCMH CHcreiwaMH, HeoöxoflHMbiMH nm 
oGecneneHHa nojieTa K njianeraM COJIHCHHOH CHCTCMH H no CBOHM napaMeTpaM 6JIH30K 

K TpeöoßaHHHM, npeflbaBjweMbiM K KA «HHTeprejiHOC». C ero noMOujbK) Moryr SbiTb 



yAOBJiCTBopeHbi ocHOBHbie TpeöoBaHHH co CTopoHbi ycjiOBHH npoBefleHHa HaynHbix 

3KcnepHMeHTOB: 

• o6ecneHeHHe HafleacHoro 4)yHKUHOHHpOBaHi«i HayHHbix H cnyaceOHbix CHCTCM KA B 

ycjiOBHax noBbimeHHoro TenjiOBoro H paflHauHOHHoro BOSAeficTBH* B6JIH3H 

CojiHu;a; 
• nowepacaHHe nocTOHHHOtt TpexocHofi opHenrauHH Ha CojiHue c Hcnojib30BaHHeM 

onopHbix 3Be3A; 
• oöecneneHHe pacnojio>KeHHs HayHHofi annaparypbi B cooTBercTBHH c Tpe6oBaHH»MH 

no opneHTauHH ee BronpHbix oceii H nojiefi o63opa; 
• oöecneneHHe ajieicrponHTaHH» HaynHofi annapaTypbi B MOHHTOPHHFOBOM peacHMe H 

B ceaHcax HaynHbix H3MepeHHH; 
• oöecneneHHe nepeflanH Ha 3eMJiw HayHHofi HH^opMannn B ceaHcax CB«3H. 

06IAHH BHA KA «Hm-eprejiHOC» c pa3MemeHHbiM Ha HeM KOMnjieKCOM HaynHofi 
annapaTypbi noKa3aH Ha pHC.l. MaccoBaa CBOflica KA aaHa B TaÖJiHue 3. 

Ta6jiHua 1. IIpH6opbi fljifl rejmoccpepHbix HCcneflOBaHHÖ. 

Ha3BaHHe npH6opa Ha3HaneHHe CneuH^WKantra M 
Kr 

V 
CM3 

w 
BT 

T 
K6T/ 

ceK 

AHajiH3aTop nacTHU 
cojiHeHHoro BCTpa 

H3MepeHHH HOHOB 

H ajieiapoHOB 

HOHW:(0-30) K3B/Q 
aneiopoHbi: (0-10) MB 

3 203 4 5 

AHajiH3aTop 
njia3MeHHbix BOJIH 

njia3MeHHbie 

BOJIHbl 

|iV/m - V/m 
nT- |iT 

3 203 3 10 

MarHHTOMerp nOCTOHHHOe 0.1nT-nT 1 
103 

1 1 

MarHHTHoe nojie 
HOHbl H 2 

153 3 3 

^ereicrop nac-ran, SHeprHHHbie 

nacTHnbi 

ajieinpoHbi: 
10 K3B- 10M3B 

^ereicrop 
nbuiH 

Me>KnjiaHeTHbie 

Hacraubi 

nbuieBbie HacTHUbi 

10-
16 _ 10-6 r 

1 
103 

1 0.5 

PaÄHoeneKTpOMerp paflHOH3JiyHeHHe 

KOpOHbl 

200 KTU. - 50 Mrn 1 103 
1 0.5 



Ta6jiHua 2. IIpHÖopbi äJW cojiHenHbix HccneflOBaHnfi. 

Ha3BaHHe npnöopa HasHaneHHe CneujwupHKanHfl M 
Kr 

V 
CM3 

W 
BT 

T 
K6/C 

KOMÖHHHpOBaH- 

Hblfi T&necKon- 

MarHHTorpa(|) 

H3o6paaceHHa 
cojiHeHHoro 
ÄHCKa C BbICOKHM 

pa3peineHHeM 

Ha, KOHTHHyyM 

jiHHHHFe, Ca/Mg 

10 102 x30 10 10 

KpaiiHe-yjibTpa- 

4)HOJieroBbifi 

TejiecKon 

XpoMOC(J)epa H 

nepexoflHaa 
oöjiacrb 

jiHHHH H3^yneHHa 

BEUV 

9 102 x20 5 5 

PeHTreHOBCKHH 

TejiecKon 

KopOHa JIHHHH H3JiyHeHHfl 

Fe 
9 102 x20 5 5 

KopOHorpatf) H 

TejiecKon nojmoro 

o63opa CojiHua 

H3o6pa»ceHHe 
KOpOHbl H 

CojiHLja B 6ejiOM 

CBere 

3epKaJIbHbIH 

KopoHorpa<J) c 

BHyTpeHHHM 

3aTMeHHeM, 

H3o6paaKeHKw Ha 

CCD 

20 
102 x40 

10 10 

AHajiH3axop 

HeHTpOHOB 

CojiHeHHbie 

HeHTpOHbl H 

raMMa-H3JiyHeHHe 

(0.5-100)M3B 
(0.1-10)M3B 

AJIH y-H3JiyHeHHH 

1 
203 

2 0.1 

KoHCTpyKTHBHOH ocHOBOH KA sBjiaeTCH KOJibu,eo6pa3Has TepMOCTa6HjiH3HpyeMaH 
njiaT^opMa, Ha KOTopon 6es repMOKOHTefiHepa pacnojiaraioTca npaicniHecKH Bee 
CHCTeMbi KA H K KOTopofi Kperurrcfl pacKpbiBaeMbie naHejiH c cojiHeHHbiMH 
4)OTonpeo6pa30BaTeji«MH. 

B HeHTpajibHOH nacTH nepeneTHoro Mo/ryjifl pacnojiaraerca HHjiHHflpHHecKaa 
KOHcrpyKHHa, BepxH&a nacTb KOTopofi npeAHa3HaneHa fljw KpenjieHH» KOHTeÜHepa 
HayHHOH annapaTypbi, a HH>KH5ifl Hcnojib3yeTCfl AJIJI KpenjieHH« KA K nepexo^HoK 
npocTaBKe, coeßHiöiiomeH KA c pa3roHHbiM öJIOKOM paKerbi-HocHTejia. 3TO no3BOJiaer 
BoenpHHHMaTb CHJioBbie Harpy3KH OT KOMnjieKca HayHHOH annaparypbi Hanöojiee 
pau,HOHajibHbiM cnoco6oM, He 3arpy»caa HMH njiaTc|)opMy co cjiyaceÖHbiMH CHcreMaMH H 

He Tpeöyji ;jopa6oTOK-KOHCTpyKu,HH. 
Becb KOMnjieKC HayHHOH annapaTypbi pa3MemaeTCH B KOHTeÖHepe. 

KoHCTpyKTHBHO OH npeACTaBjiJieT coöoii UHJiHHApHHecKyio KOHcrpyKUHio, HH5KHee 
ocHOBaHne KOTOporo npeAHa3HaneHO AJI» coeAHHeHHH c nepejieTHbiM MOAyjieM, a K 

BepxHeMy KpenaTca cojiHue3amHTHbie SKpaHbi AJW 3aujHTbi OT TenjiOBbix noTOKOB 
cojiHeHHoro H3jiyHeHHM npn npojieTe Ha 6JIH3KHX paccTOHHHHx OT Cojmua. 



KonTeräiep natyinoii 
annaparypu 

Cwioronue upHfinpu: 

1. OiilH'ifCKHtl if.jtiKiiu-Mal Hlinn paiji 
2PciiTT«nonciaiii TcnecKon 
3. CoJiuciaufi XÜV-TwiecKOn 
4. K»pim«i paijp 
5. flCTCKTOp HeltTpoUOD 
6. CojiHtHBtifi ra>€Ma-ciiek-ifioMeip 

reniiociprpBMe npnßopki: 

7. AmuiKiurop Haariiii cojiHMaoro ucipa 
8. MarnHTOMCTp 
9. flftTtKTnp rmeprimHux nacmn 

ii pen liwuoiKKcro [HIVMCUHH 

10. P^HoeneKTpoMeTp 
11. /JeitKiop llhl.lH 
12. ManiinnwH aanaK VH1/OH1 

PMC. 1. 



TaÖJiHija 3. MaccoBbie xapaicrepHCTHKH KA «HHTeprejmoc». 

CxpyicrypHbie cocraBjiHJomHe KA Macca, Kr 

ELepejieTHfaiH MOflyjife 320.0 

KoMnjiexc HayHHOH annapaTypw 60 

KoHTefiHep HayHHofi annapaTypw c xenjiOBbiMH SKpaHaMH 25 

uepexoflHaa npocTaBKa 20.0 

Pe3epB 38 

KA nOJIHOCTbK) COÖpaHHblH 463.0 

BJIOKH H pacKpbmaeMbie sjieMenrbi  HayHHofi annapaTypbi pa3MemaioTca  KaK 
BHyTpH,  TaK  H  BHe  KOHTCHHepa  B  COOTBeTCTBHH  C TpeÖOBaHHflMH  K  MX yCTaHOBKe   H 
opneHTam-iH HX nojiefi 3peHHH. IIpH 3TOM oöecneHHBaeTC« HenonaAaHHe Ha HayMHyio 
annaparypy npoflyicroB HCTeieHHa H3 coneji raoBbix ABHraTejiefi H «BHraTejieH Majioft 
THITH 3a cneT TOro, HTO BH3HpHbie OKua HayHHOH annapaTypbi HanpaßjieHbi B cropoHy 
noji03KHTejibHoro HanpaßjieHHH OCH X, a Bee yKa3aHHbie conjia HanpaßjieHbi B cTopoHy 
OTpHHaxejibHoro HanpaBJieHHa OCH X. 

BsaHMHoe pacnojioaceHHe annapaTypw nepejieTHoro MOflyjia oöecneHHßaeT 
nojioaceHHe rjiaBHofi OCH HHCPUHH KA no OCH X, KOTopaa «BJiaeTCH ocbK) CHMMCTPHH 

KA. TaKaa KOMnonoBKa o6ecneHKBaer MHHHMH3aunio pacxoflOB pa6onero Tcna Ha 
CTa6HjiH3ai4HK) npH opHeHTaqHH KA Ha CojiHue H Ha 3Be3Ay • 

CncTeMa sjieiaponHTaHHfl. 

CHCTeiwa ajieicrponHTaHHH BKiiioHaeT (pOTOsjieicrpHHecKyK) öarapeio B KanecTBe 
reHepaTopa H HHicejib-BOAopoAHyio aKKyMyjnrropHyio 6axapeio. OoTOSJieKTpHHecicas 
öarapea Moacer 6biTb BbinojiHeHa Ha 6a3e KpeMHHeBbix <J)OTonpeo6pa30BaTejieH c 
yÄejibHofi MomHOCTbK) 150 BT/M

2
 H imomaAbK) 4 M

2
. FIpH no^jiere K CojiHuy 

B03AeHCTBHe TenjioBbrx H paAHauHOHHbix noTOKOB Ha cojmeHHbie naHejiH 6yAer 
B03pacTaTb. JJnn coßjiKmeHHJi 3aflaHHoro TenjiOBoro peacHMa npeflycMaTpHBaerca 
B03M03KHOCTb pa3BopoTa cojiHeHHbix naHejiefi, HTO oöecneHHBaeT H3MeHeHHe HX 

yrjiOBoro nojio>KeHHH no OTHOHICHHIO K HanpaßjieHHio Ha CojiHue, TeM caMbiM 
CHHaceHHe HHTCHCHBHOCTH cojmeHHoro TenjiOBoro H paAHanHOHHoro B03AeHCTBHJi; 
ycraHOBKa cojiHu,e3amHTHbix sicpaHOB, nacTHHHO HJIH, B OTAeubHbix cJiynaHx, 
nojiHOCTbio npeAOxpaH^ioiAHe naHejiH OT npHMoro BO3ACHCTBHH CojiHija. 

TenjiOBaa 3aujHTa. 

Ha paccTOHHHH 30 Rs, noTOK Tenjia OT Cojrau,a B 50 pa3 6ojibine, HeM Ha 1 

a.e. IIo3TOMy BMecxo   1.367   KBT/M
2
,   TennoBofi sicpaH  AOJiaceH   6yAeT  BbiAepacarb 



npH6jiH3HTejibHO 70 KBT/M 
2. TeMneparypa 6yAer 3aBHceTb OT yraa Me>KAy 

nepBHHHbiM TenjiOBMM aicpaHOM H HanpaBjieHHeM Ha CojiHue H He aojiacHa npeBbiuiaTb 

1000 K. 
HaHJiyHUlHMH     CBOHCTBaMH,     C     TOHKH     3peHHfl     CTOHKOCTH     K     B03fleHCTBHK> 

cojiHeHHoro H3JiyHeHHfl H ypoBHH xewinepaTyp B ycraHOBHBuieMCH TenjioBOM peacHiwe, 
o6jiaflaK)T SKpaHbi, H3roTOBjieHHbie H3 BOJib(J)paMa H noKpbiTbie c BHeumeH cropoHbi 
cjioeM OKHCH KpeMHua. XopomeH TenjiOBofi 3amnTofi Moacer 6biTb 3KpaH H3 yraepoA- 

yrjiepoÄHoro MaTepnajia. 
Pe3yjibTaTbi npOBefleHHbix pacneroB TenjiOBoro peamMa AByxKacicaAHOH cxeMbi 

Tenji03aiDiHTHbix 3KpaHOB noKa3ajiH, HTO MaKCHMajibHaa TeMnepaTypa BHeuiHero aicpana 

cocTaB^aeT 700K, a BHyrpeHHero 395K. 
Ji^s. oöecneneHHH TenjiOBoro peacnMa npeAnojnaraercfl Taioice Hcnojib30BaHHe 

cneHHaabHbix noKpwTHH noBepxHOCTefi npH6opoB H Kopnyca KA p,m o6ecneHeHHa 
onpeÄejieHHbix cooTHOineHHH MeacAy H3JiyHaTejibHbiMH H norjiomaTejibHbiMH 
CBOHCTBaMH, cneuHaJibHbix TenjiOHSOJiaHHOHHbix MaTepnajiOB H T.A- 

TejieMeTpHfl H HaiconjieHHe AaHHbix. 

B craAHH npoxoag^eHHfl nepHrejiHJi ecrecTBeHHbie CHrHanbi, HcnycicaeMbie 
cojiHeHHOH KopoHOH, MoryT npHBecTH K cjia6oMy 3aTy?caHHK) noTOica TejieMeTpHH. 
Bo BpeMH Hanoojiee MomHbix COGMTHH Ha CojiHue B paAHOAHana30He Moryr 
ÄOCTHraTbCH BbicoKHe noTOKH H3JiyHeHHfl B TejieMeTpHHecKOM X-AHana30He (Tru). 
OflHaKO, ecTecTBeHHoe H3JiyHeHHe B TejieMerpHHecKOM X-«Hana30He (rru) MoaceT 
reHepHpOBaTbca Jinuib B HenocpeACTBeHHofi 6JIH30CTH OT CojiHija H C noMombio 
AeHCTByiomHx aHTCHH AajibHefi KOCMHHCCKOH CBJBH MO>KHO o6ecnenHTb pa3pemeHHe, 
KOTopoe no3BOJiHT npHH^Tb CHraaji OT pa3MemeHHoro Ha KA nepeAaTHHKa H oTAeJiHTb 
erO    OT   CHJIbHOrO    H3JiyHeHHH    B6JIH3H    COJIHeHHOH    nOBCpXHOCTH.    3T0    Ba>KHO    wn 
nepeAaHH AaHHbix B peanbHOM BpeMeHH npn npoxoacAeHHH nepHrejina. OflHaKO, 
nocKOJibKy HeKOTOpbie noiwexH BOSMOHCHM BO BpeM» oneHb MOIUHMX paAHOBcnjiecKOB 
Ha CojiHije, H B nepHrejiHH Tpeoyerca 6ojiee BbicoKaa cxopocTb nepeAann AaHHbix, 
KorAa npHopHTeTHbiM cTaHOBHTc« 6bicrpoe nojiyneHne H3o6paaceHHfi c BWCOKHM 

pa3pemeHHeM, HCOöXOAHMO HMerb Ha 6opTy HOCHTCJIH naMHTH, no3BOJunomHe xpaHHTb 
HecKOJibKO T6aHT HH^opMauHH, HTO cooTBeTCTByeT nacTH cyTOHHoro o6beMa AaHHblX, 
nojiynaeMbix B6JIH3H nepurejina co CKopocTbio 20 K6HT/C 

B paAHOKOMnjieKce npeAnojiaraeTca Hcnojib30BaTb npHeMHHKH, paöoTaiomne Ha 
Hecymefi nacTOTe 7.2 ITn, H nepeAaTHHKH, paöoTaioiAHe Ha Hecymefi nacroTe 8.4 ITi*. 

EanjiHCTHHecKHH cueHapHH MHCCHH 

BbiBOA KA Ha oicojiocojiHeMHyio op6HTy c nepHrejineM OKOJIO 30Rs Tpe6yeT 
cepHH rpaBHTaHHOHHwx MaHeBpOB y BeHepbi (rM). TpaeicropHH pa3AejieHbi Ha ABa 
nocjieAOBaTejibHbix ynacTKa: $a3& noHHaceHH« nepHrejina H pa6onaa op6nTa. 
CymecTByioT ABa BapHanTa MHCCHH c pa3HbiMH npo4)HJiHMH <]pa3bi noHHMceHHH 
nepHrejiHH, KOTOpbie, OAHaico, B pe3yjibTare AaiOT OAHHaKOBbie pa6onHe opÖHTbi 
(cM.pHC.2). B O6OHX cuenapHÄX np0HCX0A*rr CöJIHJKCHHM c MepicypneM. 



PHC. 2. 

A. Eucmpan MUCCUH. 

XapaicrepHoe BpeMH nojiera — OKOJIO 3,7 JICT H AonojiHHTejibHaa CKOpocTb AV 

AJra BMBOfla Ha paöonyio opÖHTy cocTaBjiaer npHMepHO 5.7 KM/C. 

B. OneHb öbicmpan MUCCUH. 

XapaicrepHoe BpeMH nojiera H AV cocTaBJiaiOT, cooTBCTCTBeHHO, OKOJIO 2.5 JICT 

H 6.8~KM/C. 

B BapnaHTe A--THna BCH cepmi rpaBHTauHOHHbix MaHeBpoB «jra CHuaceHH« 
nepwrejHW COCTOHT H3 nenrbipex rpaBHTauHOHHbix MaHeBpoB y BeHepw. KOCMHHCCKHH 

annapaT BnepBbie BbixoflHT Ha KopoTauHOHHyio opörnry nepe3 3,5 roAa nojiCTa. IIpH 
AaHHofi HananbHOH CKopocTH 3TO HaHÖojiee HH3KHH B03M05KHMH nepHrejiHH. IlOOTOMy 
6biCTpaa MHCCHJI (A) cooTBeTCTByer MaKCHMaiibHOMy Becy nojie3Hofi Harpy3KH B 

paMKax cxeMbi c rpaBHTau,HOHHbiM MaHeBpoM y BeHepbi c paccTOHHHeM B nepHrejiHH 

OKOJIO 30Rs. 
IIpo(J)Hjib MHCCHH B~THna no3BOJiaeT AOCTHrHyrb Toro ace rejiHOijeHTpHHecKoro 

paccToaHHa 3a cymecTBCHHO 6ojiee KOpOTKoe BpeMH. nepHrejiHH 30Rs BnepBbie 
flocTHraercH Bcero nepes Aßa ro^a nojieTa nocne 3anycKa. IIpoMe>KyTOHHbie 
rejiHoneHTpHHecKHe paccToaHHfl Ha $a3e noHHaceHHJi nepHrejiHH B STOM cueHapHH 
Taicace yAOOHbi jyw rejiH0(|)H3HHecKHx HccjieAOBaHHH. <5a3a noHHHceHHH nepHrejiHH B 

cueHapHH B~THna 3aBepuiaerca BMBOAOM KOCMHnecKoro annapaxa Ha paöonyio 
opÖHTy, aHajiorHHHyio pa6oneH opönre B cueHapnH A~THna. 

npHBeAeHHa^ 6aJiJiHCTHHecKaa cxeiwa KA "HHTeprejiHOc" Hcnojib3yer op6HTbi B 

nJIOCKOCTH    3KJIHnTHKH    HJIH    6jIH3KH6    K    HeH.    He6ojIbIHOH    HaKJIOH    Op6HTbI    KA    K 
njiocKOCTH 3KJiHnTHKH MOHCCT OKaaaTbca BaacHbiM AJIH HCCJieAOBaHHJi rejiHOC<|)epHoro 
TOKOBoro CJIOH H ceKTOpHOH crpyKTypbi MeacnjiaHCTHoro MarHHTHoro nojia. Bojiee 
CHJIbHblH HaKJIOH OpÖHTbl,  npeACTaBJWIOIAHH HHTepeC AJIH MHCCHH THna «COJIHeHHMH 
30HA», Moacer 6bixb ocymecTBJien 3a CHCT EM y BeHepbi H npn Hcnojib30BaHHH 
ABHraTejiH   Majiofi   Tarn,   KOTopbiH   Aaer   TaK^ce   B03MOHCHOCTb   onTHMH3HpoBaTb 



Tpaerropmo KA c TOHKH 3peHHa nporpaMMbi HayHHbrx HcaneflOBaHHH H BbinojiHeHH» 
HeOÖXOflHMblX MaHeBpOB. 

HHMce B TaÖJiHi^e 4 npHBeflenbi OUCHKH npeßejibHoro paccroHHHH B nepHrejiHH 
(B paAHycax Comma R=Rp/Rs), Koxoporo MOXHO aocxHHb c noMombio paiceT- 
HocHTejiefi cpeAHero KJiacca, a TaioKe HHCJIO Heo6xo,zjHMbrx rpaBHTaunoHHbix MaHeBpOB 
y BeHepw. 3Aecb paccMOTpeH MHorocryneHHaTbiH BapnaHT 3anycKa, KOTopbifi 
npeaycMaTpHBaeT 3anycK KOCMHnecKoro annapaTa c OKOJIO3CMHOH opGnrbi no 
ranep6ojie c Hcnojib30BaHHeM flonojiHHrejibHoro pa3roHHoro ABHrareji«. 
IIpeAnojiaraeMaH Macca KOCMHHecKoro annapaTa (6e3 3Toro «BHraTejia) 6panacb 
paBHofi 100--500 Kr. 

Ta6jiHu,a *■ . PaKera-HOCHTejib «MojiHHa» H «COK)3-2» 

M(Kr) 1 ManeBp 2 MaHeBpa 3 MaHeBpa 

100 42 32 24 

200 46 33,5 26 

300 50,5 35 28 

400 55 36 30 

500 60 37 32 

Bojiee    noflpoÖHöe    onncaHne    MHCCHH    «HHTeprejinoc»    npHBeaeHO    B 

nyÖJiHicainuix1"4. 
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Abstract 

The small spacecraft (SSC) of the InterHelios mission is designed to observe the 
inner heliosphere and the Sun at close distances. The perihelion of about 20 Rs will be 
reached through multiple gravity-assisted maneouvres at Venus, combined with low-thrust 
electric jet propulsion. This will enable a gradual lowering of the perihelion and SC 
corotation with the Sun over a long time interval, as well as periodic Mercury encounters. 
The possibilities for subsequent inclination of SSC axis to the plane of ecliptic, aimed at 
exploration of the polar regions of the Sun, are under consideration. 

The payload of total mass no more than 60 kg will comprise solar instruments 
(white-light, X-ray, and UV telescopes, and coronograph) and a heliospheric complex 
(particle, solar wind and plasma analyzers, magnetometer, high-energy, neutron and dust 
detectors, and radio spectrometer). 

SSC will be supplied with a thermal screen and specially designed solar batteries. 



Introduction 

Interhelios is the most interesting space mission for the investigation of the inner 
solar system (i.e. the Sun, the interplanetary medium and the planet Mercury) under 
consideration at the present time. The mission is led by Russia, since it involves Russian 
technology, but other European institutes, that have had long experience with space solar 
physics and the solar wind and with planetary exploration, are naturally very interested in 
such a mission and expected to contribute where they can. 

The aim of Interhelios is to go reasonably close to the Sun, to a point where the 
spacecraft is temporarily in a quasi co-rotational orbit (i.e. to 30 solar radii or less) and in 
doing so, to make repeated close encounters with the planet Mercury. The original Helios 
mission, which approached to about 63 solar radii of the Sun (but without Mercury 
encounters), led to the elucidation of many new features of the inner heliosphere and 
interplanetary medium and of the solar wind in particular. Several strange phemomena 
were observed near the perihelion passage, notably dropouts in the plasma density 
(perhaps connected with very extended coronal streamers) and occasional subsonic flow; 
these are expected to be much more common near 30Rs, given our recent experience with 
the coronagraph observations from SOHO. Furthermore, the high speed solar wind was 
observed by Helios on a regular basis - made possible by the tilt of the coronal streamer 
belt away from the eclipic plane. 

Interhelios will allow us to investigate these extended coronal streamer regions in 
detail, as well as to investigate the acceleration of the slow solar wind which is also 
associated with the streamer belt. Furthermore there will be enough encounters with the 
high speed wind to allow us to investigate the problem of its acceleration. The periods of 
quasi-co-rotation, which last for several days around perihelion will permit flares, 
eruptions and other solar disturbance phenomena to be investigated at a particular 
longitude on the Sun, thus avoiding the confusion introduced by overlapping time and 
space variations which have plagued previous in-situ measurements. 

There are other bonuses associated with near-Sun measurements, namely the 
possibility of making stereoscopic observations of the solar corona (in parallel with 
observations made from near the Earth) and of making very high resolution obervations of 
the photospheric magnetic field and EUV features in the transition region and 
chromospheric network and of the active corona in soft X-ray emission lines. All this can 
be done with small instruments requiring neither large mirrors, nor interferometry and/or 
sophisticated techniques to achieve the desired high resolution. For InterHelios, this is 
simply facilitated by its proximity to the Sun: with a perihelion distance of only a seventh 
of an AU, where an angular resolution equivalent to 1 arcsec at 1 AU corresponds to only 
100~kmontheSun. 

The possibility of making observations of the planet Mercury is very exciting. 
There is much to be learned concerning the regions of the surface which were not seen by 
Mariner 10, to look for water ice in deep polar craters (suggested by radar observations 
made from Arecibo) and to investigate with much better instrumentation the 
extraordinarily active magnetosphere of the planet. 

A suitable payload involving three instrument packages can be devised to provide 
all of these measurements for about 60 kg, although some (worthwhile) effort will have to 



be put into designing low-weight, integrated structures and experiments using common 
DPUs and electronics. This is in itself an interesting challenge from the point of view of 
developing new techologies for future cheaper missions. Even more interesting is the 
opportunity for InterHelios to make use of low-thrust technology where Russia has a lead, 
which thus would be maintained or further developed. At present it would appear that this 
technology is likely to be taken over by other agencies if no Russian mission is carried out 
to test and exploit it. 

InterHelios offers some significant advantages over the planned Solar Probe 
Mission, which obviously is also important for the understanding of coronal heating and 
solar wind generation. However, the Solar Probe faces serious techological difficulties, as 
the plan is to go to within 4Rs of the Sun using a sophisticated heat shield and to make 
observations only from about lOORs to past perihelion passage, which is difficult and 
expensive. Furthermore, there is a long flight to Jupiter with its difficult environment, 
before the interesting region near the Sun is finally reached. The spacecraft must there 
survive about 3000 solar constants, transmit its data through a difficult region and will be 
active in an unexplored region of space for only about 10 days. 

In contrast to the Solar Probe, even if done well, Interhelios will provide 
interesting data almost immediately and for its whole lifetime in space. It satisfies a variety 
of important demands for long-term near-Sun observations of the interplanetary medium, 
high resolution solar observations, stereoscopic viewing of the corona (especially 
important for "space weather") and it can make very important observations at Mercury 
which are presently not under consideration by other Agencies. 

Scientific Objectives 

The solar corona and the near-Sun solar wind are the last regions of the solar 
system to remain unexplored by in-situ measurements. The planet Mercury has only been 
visited once by spacecraft and is the least-known of the inner planets. The InterHelios 
mission is specifically designed to close these gaps of knowledge by exploring the inner 
solar system, i.e. the Sun, Heliosphere and Mercury. The objectives are to understand the 
magnetic activity of the solar atmosphere and concurrent heating of the corona, and the 
generation and acceleration of the solar wind and solar energetic particles, and moreover 
to investigate the plasma, gas and dust environment near the Sun and Mercury, and to 
study the surface features of Mercury by close fly-by observations. 

The solar wind engulfs the entire solar system and controls interplanetary space 
out to the heliopause at about 100 AU. Stellar winds and coronae and planetary systems 
are ubiquitous in the universe, but only in the solar system can detailed in-situ 
measurements of such phenomena be made. The InterHelios mission is designed for 
multiple close approaches to the Sun with perihelion trajectories near 30Rs in the ecliptic 
plane. 

The slow solar wind, emanating from the low-latitude equatorial streamer belt 
around the Sun was clearly visible in the SOHO coronagraph images. It is very 
intermittent and transient by nature and therefore can only be resolved and understood 
properly by a direct probing close to its sources at a fixed heliographic longitude, such that 
temporal and spatial variations can unambiguously be disentangled. The observations to be 



made by InterHelios will concentrate on the slow wind streams and on solar disturbances 
associated with magnetic solar activity, flares, loops and erupting prominences. Ihe 
temporal evolution and spatial structure of such phenomena at the coronal base will tor 
the first time be measured at very high spatial (<100 km) and temporal (<1 s) resolution 
from a spacecraft in the vicinity of the heliosynchronous orbit. InterHelios will also make 
regular observations of the fast solar wind, which will appear whenever elongated polar 
coronal holes extend down to the equatorial regions. 

Scientific pavload 

In order to achieve the aims of the InterHelios mission through solar and near-Sun 
space plasma observations, it will be necessary to perform suitable in-situ measurements of 
the low- and high-speed solar wind, and to carry out remote-sensing measurements ot the 
solar plasma existing at the coronal base, in the upper chromosphere and supergranular 
network, thus covering heliocentric distances ranging from a fraction of a Rs out to about 

35 Rs and beyond. , 
The InterHelios payload should permit us to correlate in unprecedented detail the 

in-situ observations with the related magnetic activity occuring on and near the solar 
surface The relatively long correlation phase of the spacecraft with the Sun will allow us 
to do so and to observe continuously active regions and their dynamics and evolution in 
the atmosphere of the Sun, and to measure the interplanetary consequences. The 
InterHelios mission will accomplish its objectives with a combination of remote-sensing 
and in-situ instruments capable of characterizing the near-Sun radiation and plasma 
environment. The payload is streamlined by having following instrument packages: 

• In-situ interplanetary measurements: 
Thermal and energetic particles distribution functions, magnetic field, 
magnetohydrodynamic and plasma waves, dust, neutrons and y-rays, radio waves in the 

near-Sun heliosphere. 

• Solar remote-sensing measurements: 
High-resolution imaging and spectroscopy of the solar atmosphere, and corona in 
particular, in selected wavelength bands ranging from optical and EUV to X-rays. 

The Helios and Ulysses, and the CORONAS, Yohkoh and SOHO payloads 
together with the additional requirements for remote sensing of the Sun and m-situ 
measurements of particles and fields from a near-Sun synchronous orbit, may be used as a 
baseline for designing the payload of InterHelios. Of course, the payload finally envisioned 
must be state-of-the-art and comply with the important general requirements of a low- 
weight compact and integrated design, must focus on the major science objectives, and 
include the possibility for data onboard compression/storage and require modest data 

transmission rate. . , 
A list of scientific instruments for heliospheric and solar investigations is presented 

in Tables 1 and 2 (it is indicated mass M, volume V, power W and telemetry rate T). 



Table 1. Heliosph eric instrumentation 
Name Objectives Specification M 

kg 
V 
cm 

w 
watt 

T 
kb/s 

Solar wind analyzer measurements of 
ions and electrons 

ions: (0-30) kev/Q 
electrons: (O-lO)kev 

3 203 4 5 

Plasma wave 
analyzer 

plasma waves uV/m - V/m 
nT- uT 

3 20 3 3 10 

Magnetometer DC magnetic field O.lnT-uT 1 
103 

1 1 

Particle detector energetic particle ions and electrons: 
lOkev-lOMev 

2 
153 3 3 

Dust detector interplanetary 10-i6 _10-6 g 

dust particle 
1 

103 
1 0.5 

Radiospectrometer coronal radio wave 200 kHz-50 MHz 1 103 
1 0.5 

Table 2. So ar Instrumentation. 
Name Objectives Specifcation M V W T 

kg cm3 watt kb/s 

White-light-Imager High-resolution Ha, contiuum 10 102 x30 10 10 
and Magnetograph solar disc imaging Fe line, Ca/Mg 

EUV Imaging Chromosphere EUV emission 9 102 x20 5 5 
Spectrometer Transition region lines 

X-ray Imager Corona Fe emission lines 9 102 x20 5 5 

Coronograph and Imaging of corona mirror 
full-Sun Imager and full Sun in 

white light 
coronograph, 

internal 
occultation, solar 

images on 
CCD 

20 
102 x40 

10 10 

Neutron analyzer solar neutrons and 
y-rays 

(0.5-100)Mev 
(O.l-lO)Mev y- 

rays 

1 
20 3 2 0.1 



Spacecraft design concept 

As a basis for the spacecraft «Interhelios» a fligh-by module which was designed by 
Lavochkin Assotiation for the perspecrive planetary reserches of the Moon and Mars was 
considered. 

This module is completed by all systems which are necessary for the securing of the 
fly to the Solar System planets and its characteristics may are in a good accordance with 
«Interhelios» spacecraft requirements. A principal measurement requirements originating 
from scientific experiments may be satisfied by this module: 

• securing of the reliable operation of scientific and auxiliary spacecraft systems under 
the conditions of enhanced thermal and radiation influence near the Sun; 

• supporting of the continuous three-axis orientation to the Sun with using a bearing 
stars; 

• securing  of the  scientific  instruments  accommodation  in  accordance  with  the 
requirements of orientation of its sight axes and fields of view; 

• securing of the power of scientific instruments for monitoring regime and during 
periods of measurements; 

• securing of the telemetry transmission to the Earth during the periods of link. 

A common view of «Interhelios» spacecraft with accommodated scientific 
instruments is shown on Fig. 1. A mass structure of the spacecraft is given in Table 3. 

A ring-shape thermostable platform is a base of the spacecraft. Almost all spacecraft 
systems and the solar panels with solar photo converter are fixed on this platform. 

A cylindrical construction in the central part of the module is sited. An upper part of 
this construction is destined for the fixing of the scientific instrument bay and a lower part 
is used for the fixing of the spacecraft to the adapter which connect a spacecraft to the 
booster. This construction allow to take a force load from scientific instruments bay in 
most rational manner do not loading a platform with auxiliary systems and no additional 
design is necessary. 

The whole scientific complex is sited in the bay. It represents a cylindrical 
construction a lower base of which destined for the connection with module and an upper 
part for the fixing of the solar-protective screen. 

The blocks and opening elements of the scientific instruments are accommodated as 
inside and outside of the container in accordance with requirements of its putting and 
orientation of its fields of view. In spite of all this a product of fuel combustion do not hit 
on the scientific instruments due to that a sight windows of scientific instruments and the 
nozzles have an opposite directions. 

A relative arrangement of module systems give a coincidence in the positions of 
the main inertia and symmetry axes of the spacecraft. 



w4==K   \| Solar panel 

Solar instruments 

1. White-light imager-magnetograph 
2. X-ray i mager 
3. XUV-imager 
4. Coronograph 
5. Neutron analyzer 
6. Solar gamima-spectrometer 

Heliospheric instruments 

7. Plazma analyzer 
8. Magnetometr 
9. Energetic particle detector 
10. Radiospectrometer 
11. Dust detector 
12. Magnetic sensor ULF/VLF 

Fig.l. 



Table 3. «InterHelios» spacecraft mass structure. 

Spacecraft structure 

Fligh-by Module 

Scientific payload 

Scientific payload bay with thermal shield 

Adapter 

Reserve 

Total 

Mass, kg 

320.0 

60 

25 

20.0 

38 

463.0 

Power supply unit. 

Power supply unit contains a photoelectric battery as a generator and a nickel- 
hydrogen accumulator battery. Photoelectric battery uses a silicon photo transformers 
with specific power about 150 W/m2 which have a square 4 M

2
 . As a spacecraft will 

approaches to the Sun the influence of the thermal and radiation fluxes on the solar panels 
will increases. In order to control a thermal regime we consider a possibility of rotation of 
the solar panels that will allow to change an angle position of the panels with respect to 
the direction to the Sun and in such a way to decrease the solar radiation influence. A 
setting of the solar-protective screens are also foreseen. 

Thermal shielding. 

At 30 Rs, the heat flux from the Sun is typically 50 times what is measured at 1 
AU. Then, instead of 1.367 kW/m2, the thermal shield will have to withstand 
approximately 70 kW/ m2. The temperature that will be reached depends upon the 
average angle between the primary heat shield and the direction of the Sun but should not 
exceed about 1000 K. 

The screens manufactured from wolfram and covered by silicon oxide layer have a 
best properties to protect a spacecraft from thermal and radiation influence under the 
considered conditions. A carbon-carbon material also has a good properties for that. As 
was obtained from numerical calculations of the thermal regime of the two-level screen 
system a maximal temperature at the outer screen is 700 K and at the inner screen is 395 
K. It is also assumed to use a special covering layers for the instruments and spacecraft 
case as well as a special thermoinsulating materials. 

Telemetry and data storage. 

During the perihelion part of the trajectory, natural signals emitted in the solar 
corona could produce a weak fading of the TM stream. During the most intense solar 



radio events, the peak energy can reach a high flux level in the X band. Natural emission 
in the X band, however, can only be produced very close to the Sun. The 30 m diameter 
DSN antenna can provide required resolution. Then, even a weaker transmitter can be 
separated from a strong emission close to the surface of the Sun, and it is highly desirable 
to have real time data transmission during the perihelion. Yet, since there can be some 
contamination if solar radio bursts are very intense, and a higher data rate is necessary 
during the perihelion, when there is priority on fast high-resolution imaging, it is necessary 
to have an onboard memory capable of storing many Gbits, which corresponds to a 
fraction of the daily data collected near perihelion at a rate of about 20 kbit/s. 

It is assumed to use in radio complex a receiver with frequency 7.2 GHz and 
transmitters with frequency 8.4 GHz. 

Mission ballistic design 

To place a spacecraft in an orbit aroud the Sun with a perihelion exceeding 20 Rs, 
requires multiple gravity-assisted manoeuvres near the planet Venus. The trajectories are 
divided into two successive parts: the perihelion lowering phase and the working orbit. 
There are two versions of the mission with different profiles of the perihelion lowering 
phase, however both result in similar working orbits (Fig.2). In both scenario Mercury 
encounters take place. 

A. Fast mission. 
The characteristic time of flight is about 3,7 years and the additional velocity, AV, 

for placing SC into the working orbit is about 5.7 km/s. 
B. Very fast mission. 
The characteristic time of flight and AV are -2.5 years and -6.8 km/s, respectively. 
In version A, four gravity-assisted maneouvres near Venus are completed to lower 

the perihelion height. The spacecraft first reaches the corotation orbit after 3.5 years of the 
flight. It is the lowest possible perihelion at a given initial orbit. Therefore the fast mission 
(A) meets the maximum payload requirement within the scheme of gravity-assisted 
maneouvre near Venus at a perihelion of about 30 Rs. After 2.5 years of the flight, the 
perihelion lowering phase can be interaipted at 36 Rs and the spacecraft is placed into the 
working orbit for periodic encounters with Mercury. 

Mission B reaches the same heliocentric distances for a much shorter time. The 
perihelion of 30 Rs is first reached as soon as 2 years after the launch. In this scenario, the 
intermediate heliocentric distances in the perihelion lowering phase are also convenient for 
geophysical studies. The perihelion lowering phase in mission B is completed by injecting 
the spacecraft into the working orbit, similar to scenario A. 

The ballistic scheme of InterHelios, described above, is based on the orbits in or 
close to the ecliptic plane. The spacecraft orbit, slightly inclined towards the ecliptic plane, 
may prove important for the study of the heliospheric current sheet and the interplanetary 
magnetic field structure. A more strong inclination of the orbit which have interest for the 
«Solar Probe» type mission may be realized due to the using gravity assisted manoeuvres 
near Venus and by using a thruster which also give a possibility to optimize a spacecraft 
trajectory from point of view of scientific program and carry out of necessary manoeuvres. 



Fig. 2. 

The subsequent Table 4 presents rough estimates of the limiting distances at perihelion 
(R=Rp/Rs) achieved by middle power launch vehicles, together with the number of 
gravitational manoeuvres needed at Venus. We have considered the multi-stage variant of 
launching in which it is foreseen to launch the spacecraft from the near-Earth orbit to a 
flying-away hyperbola, using an additional rocket engine. The spacecraft mass (without 
this engine) is assumed to be 100—500 kg. 

Table 4. Launch vehicle «Molniya» and «Soyuz-2» 

M(kg) 1 manoeuvre 2 manoeuvre 3 ^manoeuvre 

100 42 32 24 

200 46 33,5 26 

300 50,5 35 28 

400 55 36 30 

500 60 37 32 

A more detail information about «Interhelios» may be find in publications 
1-4 
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MHOrOCpyHKUHOHajIBHblH MHKpOCnyTHHK 
HM Hay^Hbix HCCJicwmaHHtt: KHmenmm nocxpoemi«, 

cTpyKTypoaa cxeMa;- opraHHsamia paöox 

K) H AracpoHOB, B.B.XpaiweHKOB, ILTpncKa, H.Bofira 
HKH PAH 

117810 MocKBa, rCII-7, yji.IIpcxpcoiosHa*, 84/32 
Ten.: (095) 333-52-12 

3a IIOHTH 40 jieT cymecxBOBamw KocMiwecKHX annapaxos B MHPe na^ 
KomieH 6oImoH onsrx B Hx KOHCTpynpoBaHHH, pasMemerom Ha HHX, B 
^CTHOCTH  nayHHBTX npH6opoB, cocxaBneHHH imy-mut nporpaMM no- 

FAH) H HHCTHTvre 4>H3HKH axMoccpepbi AKafleMHH HayK *>™™*^y 
5™ (HOA API HP) co3ÄaHa H oTpaöorana B Teqeime ÄByx flecaxHJiexHH 

w   nnnv^eHHH    HaVHHBIX   pesyjIBXaXOB    C    npHMeHeHHOM    MHKpOCIiyTHHKOB 
LoeX SffioHBHHÄ. HHTEPBOJI). 3xa Mexo*HKa IK—- 
£ Ko™pyHpoBaTB Ha coBpeueHHOH 3neMeHTHOH 6a3e Ma*Bie cnyxmiKH 
BeCOMT 80-foO KT, KOTOpBie «aiOT B03MO.CHOCXB npoBeÄeHHa nanHD- 
^HHIIX KOMmieKCHBix HcaionpBaHBH napaMexpoB HHOCcpepBi HflP-H, 
BM^CTTC xeM Moryr coaffaBaxBC* B HeoojiBumx HaynHO-xexmrcecKHX Kan- 
»eKXHBax otoaTe^e H IHKBM «OCXOHHCXBOM, KaK neBBicoKa« CTOHMOCXB^ 
n™M B03Mo>KHa iirapoKa« Koonepami* Y^eHBIX H HffiKeHepOB Pa3HMX 
"pan! «  «an^ep, BUIH cnyxHHK MATHOH-4 MO»H xpy« KO*- 

lOAracpoHOB 



BO3M(MKHOCTH  opönrajibHoro  KopoHorpacpHraecKoro 
TejiecKona:  npoeKT  «OoMajibrayr» 

AM.HepenainyK,  M.C.KHM,  O.H.ByraeHKo,  HAXepacHMOB, 
A.H.3axapoB,   B.r.KopmuioB,  E.K.HIecpcpep 

TocyflapcTBeHHWH   acipoH.  HH-T   HM.  ILK.IIlTepHÖepra 
MOCKOBCKHH   rOCyn,apCTBeHHbIH   yH-T   HM.    M.B.JIOMOHOCOBa 

yHHBepcHTeTCKHH np-T  13,  MocKBa  119899,  POCCHH 

npüMaa perHCTpaipra «cjiaöbix» oöbeKTOB B6JIH3H HPKHX 3aTpyn- 
HHTejibHa H3-3a 3HaqHTejibHoro cpoHa, o6ycjioBJieHHoro #H<ppaKUHeH 
CBeia Ha MHKpomepoxoBaTocrax nepBHHHOH onTHKH, onpaBe BXOflHoro 
3paHKa H cnafiflepc TejiecKona. 3TOT (|>OH, Kax npaBHJio, Ha 2 - 4 
nopa^Ka npeBocxoflHT cpoH He6a H TeMneparypHbiH cpoH npneMHHKOB. 
He^aBHHe   ycnexii   TexHojioraH   H3roTOBjieHHH   cyneprjiaznoix   noBepxHo- 
CTeH    Ha    nOÄJIOXKaX    H3    KOMH03HUHOHHbIX    MaTepHajIOB    CTHMyjIHpOBajIH 
pa3pa6oTKy TejiecKona HOBOTO noKOJiemra, KopoHorpacpEraecKoro Tejie- 
CKona, JIJIH peracTpaiiHH acrpoHOMHHecKHX o6beKTOB B IUHPOKOM UM- 

HaMHHecKOM flHana30He. npHMeneHHe cyneprjiamcoH nepBH*moH onTH- 
KH (RMS = 5A) H KopoHorpacpHraecKHx aoairropoB CHH3HT HHCTpy- 
MeHTajibHWH cpoH Ha 2-3 nopwCKa no cpaBHeHHio c cpoHOM jiyquinx 
3K3eMnniipoB HbiHe flencTByiomHx op6HTajibHbix TejiecKonoB. ripeana- 
raeMMH npoeKT "<3>oMajibrayr" no3BOJiHT HanaTb peiueHHe npHHUHnnajibHo 
HOBOH samara, äO Hacioainero BpeMeHH He cTaBHBnieäcM B 3Be3,a,Hbix acT- 
pOHOMBraeCKHX KOCMHHeCKHX HCCJie#OBaHH5IX:  0Ö30p H MOHHTOpHHr acTpo- 
HOMHHCCKHX o6beKTOB c npe/jenbiio BbicoKHM KOHTpacTOM. Llejib npoeKTa 
"OoMajibrayr" - nojiyneHHe cBepXBbicoKOKOHTpacxHbix H3o6paxeHHH c no- 
MombK) KopoHorpa4>HHecKoro TejiecKona, ooecne^HBaiomero yßepeHHoe 
ÄeTeKTHpoBaHHe "cjia6bix" o6beKTOB, JioKajiH30BaHHbix Ha paccToaroiH O'M 
- 1".5 OT apKHX, 6jiecK KOTopbix Ha 13 - 20 3Be3flHbix BejiHHHH öojibine: 
0K0JI03Be3flHbie   HJiaHeTHbie   CHCTCMbl,   KOpHHHeBbie   KapJIHKH,   iuiaHeTHbie 
aTMoc4>epbi, cnyxHHKH acrepoHflos, KOCMHHCCKHH "Mycop" H T.fl. OCHOB- 

Hbie xapaKTepHCTHKH KopoHorpacpiraecKoro TejiecKona. D = 1000 MM, 

Fc = 1/15, nojie speHHH - 90" x 90", yrjioBoe pa3pemeHHe - 0."07 - 0".15 
ana nojia 20" x 20", oxcH^aeMbifi ypoBeHb pacceaHHoro cBeTa Ha paccToa- 
HHH   1".5   OT   HeHTpa   flH(ppaKUHOHHOH   KapTHHbl   TO^eMHOrO   HCTOHHHKa   - 
10* . IIo oneHKaM, pjm o6ecneneHHa oTHomemw "cHrHaji/inyM", paBHoro 
6, npH peracTpanHH cjiaÖoro oÖbeiera B oKpecmocTax 3Be3#bi HyjieBOH Be- 
jiEraHHbi BpeMa HHTerpBpoBaHira cocTaBHT 20 MHH npH pa3Hocra 3Be3ziHbix 
BejiHHHH, paBHoii 20. 

A.HepenamyK 



Capabilities of Space-borne Coronagraphic Telescopes: 
"Fomalhaut" project 

A.M. Cherepashchuk, LS. Kim, O.I. Bougaenko, I.A. Gerassimov, 
AI. Zakharov, V.G. Kornilov, E.K. Sheffer 

Stemberg State Astronomical Institute 
Moscow State University 

Universitetsky pr. 13, Moscow 119899, Russia 

Direct detection of faint objects in the vicinity of bright ones is difficult 
because of significant caused by diffraction on entrance aperture edges, spider 
as well as micro-roughness of primary optics of a conventional telescope. As 
a rule, this background exceeds the background caused by other reasons (sky, 
detectors, etc.) at least 2 - 4 orders of magnitude. Recent advances in 
manufacturing the super-smooth optics based on employment of composite 
materials revived the idea of a new generation telescope (coronagraphic 
telescope) for high dynamic range recording the astronomical objects. Super- 
smooth primary optics (RMS = 5A) combined with the classical 
coronagraphic method results in reduction of instrumental background in 2-3 
orders of magnitude as compared with the same of the best up to date 
operating orbital telescopes, new step of space researches could be started by 
"Fomalhaut" mission: high dynamic range monitoring of astronomical 
objects. This would allow direct detection of faint objects spaced 0".5-l".5 
from the bright ones when magnitude difference equals to 13-24: 
circumstellar planetary systems, brown dwarfs in binary systems, atmosphere 
planets, asteroid satellites, space debris, etc. Main parameters of a proposed 
coronagraphic telescope. D = 1000 mm, Fe = 1/15, field of view - 90"x90", 
angular resolution - 0".07-0".15 within field of view of 20"x20", expected 
level of scattered light - 10"5 at 1".5 from the center of diffraction pattern. 
Estimated integration time is 20 min to record with "signal-to noise-ratio" of 
6 a faint object spaced l'\5 from the bright one (m = 0) when magnitude 
difference equals to 20. 

A. Cherepashchuk 



PaÖOTa Ha opÖHxe MHorocpyHKHHOHajibHbix MHKpocnyrHHKOB 
äJIH HayiHMX HccjieflOBaHHH MATHOH-4 H MATHOH-5 

B npoeK-re HHTEPBOJI 

K).H.Ara<poiiOB, B.B.XpairieHKOB, n.TpncKa, fl.Boirra 
HKHPAH 

117810 MocKBa, TCn-7, yji.npo(pcoK>3Hafl, 84/32 
Teji.: (095) 333-52-12 

OCHOBHOH nejibio MOK^iyHapoflHoro KocMiraecKoro npoeKTa 
HHTEPBOJI HBJiaeTca HCCjießOBaHHe cojmeHHo-3eMHbix CBü3eH B nacra 
H3yqeHHH <pH3HqeCKHX MexaHH3MOB nopOiKaeHHblX 3THMH CBH3HMH IIpH- 
pOflHBDC üBJieHHH H npOneCCOB, OTJIKqaiOmHXCfl BbICOKOH flHHaMHHHOCTbK» H 
MHoroo6pa3HeM. Oco6eHHOCTbK> aToro npoeKTa HBJiaeTca ocymecTBJieHHe 
oflHOBpeMeHHbix H3MepeHHii Ha pa3jiEraHbix BbicoTax flByMa napaMH 6JIH3- 

KopacnojioaceHHbix cnyTHHKOB: ocHOBHbie cnyTHHKH rana nPOTH03 
HHTEPBOJI-1 ("XBOCTOBOH 3oIW") H HHTEPBOJI-2 ("AßpopajibHbiH 
aoHfl") H MHKpociTyTHHKH MATHOH-4 H MATHOH-5, co3^aHHbie B Hein- 
CKOH Pecny6jiHKe B coTpyÄHiraecTBe c p$moM japyrax cTpaH. XBOCTOBOH 
3oHfl H MATHOH-4 6MJIH 3anyineHbi 3 aBiycTa 1995r. B XBOCT MarHHTO- 
ccpepw Ha cHjibHo BbiTHHyryK) opömy c anoreeM 200000 KM, a Aßpopajib- 
HbiH 3OHä H MATHOH-5 - Ha opÖmy c anoreeM 20000 KM; npn STOM OHH 
nepeceKaioT aBpopajibHyio 30Hy Ha BbicoTax 5-15 TWC.KM, T.e. B oöjiacTH 
ycKopeHEW ^acTHH. 

npoeKT HHTEPBOJI üBJiaeTca nepBbiM POCCHHCKHM MeayiyHapoÄHbiM 
HaytiHWM npoeKTOM, B KoropoM npoBo^aTCH cHHXpoHHbie H3MepeHHH B qe- 
Tbipex To^iKax H B KoropoM BnepBbie peajiH30BaHa HäCH MHKpocnyraHKa äJM 

annapaTOB Tnna nPOTH03, HMeromnx BbicoKo-sjranTHHecKyio op6nry H 
ynpaBjiiieMbix co cBoeö oTAejibHOH Ha3eMHofi CTaHHHH (cTaHnna B naHCKa 
Bec, HexHa). 

B flOKjia^e c^ejiaH 0630p paöoTbi MHKpocnyrHHKOB MATHOH-4 H 

MATHOH-5, npeqcTaBjieHbi ^aHHbie no paÖoTe OTßejibHbix cjiyaceÖHbix CH- 
CTeM, flaHHbie no ,n,erpaflaH,HH noKpbrnra H flpyrae CBefleHira 06 STHX MHK- 
pocnyTHHKax. 

lO.AracpoHOB 



Ijioöajibnafl MarHHTnan cfeeiwica (npoeKT YHHMAT) 

B.H.OpaeBCKHÖ, B-IITOJIOBKOB, B.A.CTHSKKHH 

HHCTHTyT seMHoro MarHeTKßMa, 
noHoc4>epbi H pacnpocTpaHeHHH paßHOBOJiH PAH 

142092, r.TpOHUK, MOCKOBCKOH O6JI. 

Tel: 095-3340121, Fax: 095-334-124 

HcTOpHH cnyrHHKOBbix H3MepeHHH reoMarHHTHoro nojia HBJiaeT npHMep ycnem- 

Horo Hcnojib30BaHHH Majiwx cnyTHHKOB fljiH pemeHHH BaacHeauieH ^yHAaMenrajibHOH H 

npHKjiaflHOH 3aaaHH reo<i>H3HKH. IIpeflJiaraeTCH KapflHHajibHoe pemeHHe 3aaaHH MarHHT- 

HOH CbeMKH CHCTeMOH H3 nHTH MajlblX HH3KOanOreHHbIX nyTHHKOB, OpÖHTbl KOTOpblX Bbl- 

6paHbi TaKHM o6pa30M, HTOöH nojiyiHTb KOHKpeTHoe pemeHHe 3a«aHH pa3ÄejieHHa nojien 

pa3Hbix HCTOHHHKOB. 3TO niaBHoe MaTHHTHoe nojie 3eMjiH, nojie HaMarHHHeHHbix Macc 

ropHbix nopofl 3eMHoil KOpbi, nojie MarHHTOC(f)epHbix H HOHOC^epHbix TOKOBWX cncreM H, 

HaKOHeu, HHAyuHpOBaHHoe nocjieflHHM nojie TOKOB B 3CMHOH KOpe H BepxHefi MaHTHH. 

PemeHHe STOH sajjaHH no3BOJiHT Hcnojib30BaTb pe3yjibTaTbi CbeMKH fljra pemeHHK BaacHOH 

npoöJieMbi 4)H3HKH - reHepauHH MarHHTHbix nojien B npHpo^e, reo<pH3HKH - CTpoeHHe H 

nponeccbi rjiyöoKHx Heap Hamen nnaHeTbi H reojiorHH - cxpoeHHe H SBOJHOHHH 3CMHOH 

jiHTOc4)epbi. BiviecTe c TeM pe3yjibTaTbi CbeMKH no3BOJurr cymecTBeHHO yjiynuiHTb TOH- 

HOCTb MarHHTHbix K2ipT Kaie äJM Hyacfl reojioropa3BeAKH, TaK H «JIH MarHHTHofi HaBHranHH 

H  OpHeHTaHHH  y  3CMHOH   nOBepXHOCTH   H   B   ÖJlHHCHeM   KOCMOCe.   Bce   IWTb   CnyTHHKOB 

flOJiacHH 6biTb sjieKTpoMarHHTHO HHCTbiMH H HAeHTHHHbiMH no npHÖOpHOMy cocTaßy. Hx 

iwacca He 6y«eT npeBMinaTb 100-150 KT H B OäHOM H3 BapnaHTOB OHH Moryr 6biTb BbiBe- 

fleHbl Ha OpÖHTbl OflHOH paKeTOH. 



Magnetic fields from gradient aerostatic measurements 

and from MAGSAT satellite data 

Rotanova N.M., Tsvetkov Yu.P. 

institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, 
Russian Academy of Sciences (IZMIRAN). 142092, Troitsk, Moscow Region, 
Russia. Tel. (095)3340295. Fax. (095)3340124. 

The Earth's magnetic field is one of the important phenomenon, which is 

used very actively to study the deep lithospheric structures and their tectonic 

evolution. It is difficult to penetrate directly in the Earth's entrails therefore the 

great importance have the results connected with the unique experiments. So far 

the best experimental information for the study of magnetic fields from the space 

are the MAGSAT satellite data, obtained in 1980, where the scalar and vector 

geomagnetic fields were measured first. Satellite data were used by us to solve the 

problems in two geophysical directions: magnetovariational sounding of the Earth 

and magnetic anomaly fields. First using MAGSAT satellite data have been carried 

out global sounding, planetary geoelectricai section have been constructed, it was 

found a conducting layer of about 200 km thickness at the depth of the transition 

zone. Results of this research direction are shown at Fig. 1 a,b. It is shown that 

satellite data can be used for the regional sounding. 

The magnetic crust fields has been identified for the series of the Earth's 

regions. In particular, for the European-Asian region scalar and vector maps of the 

anomaly field are constructed. The space structure of the such fields for the 

european region is represented at Fig. 2. Series of intensive magnetic anomalies is 

extracted confirming magnetic heterogeneity of this region. 

It is created the analytical model of such fields based on the spherical cap 

harmonic expansion. Three classes of the magnetic anomalies having different 

space and amplitude parameters has been singled out on the base of the spectral 

analysis of the satellite passes. It is revealed the difference in spectrum for the 

satellite passes crossing continets and oceans. Many problems, based on the 

satellite measurements are not solved so far or they demand supplement studies. 



Therefore the data realized on a set of small satellites allow more correctly to solve 

the following problems: 

- separation of the anomaly crust fields and  study of  lithospheric processes 

connected with them; 

- study of inductive effects, allowing to estimate geoelectrical properties of the 

Earth; 

- investigation of the magnetospheric-ionospheric current systems. 

Stratospheric   balloon   magnetic   gradinent   syrveys   are   no   less   important 

experiment. Such surveys are a new appoach of geomagnetic measurements, 

which supplements satellite and aeromagnetic surveys and allows to consider the 

magnetic anomaly field (MAF) on the whole in all near-surface and near-earth 

space. The IZMIRAN's specialists are shown for the first time in the world practice 

experimentally that measurements of the magnetic field by there magnetometers 

spreaded uniformly along the vertical line within four kilometers can be carried out. 

Block-sheme of such experiments at 20-40 km altitudes is shown at Fig. 3. 

Magnetic measurements have been performed along transcontinental routes over 

the Russian territory at the 30 km altitude. Example of the geomagnetic field for 

the high anomalous Vitim region is given at Fig. 4. 

The use of three magnetometers allowed reliably to separate the MAF from 

measured field, to obtain characteristics of the field decrement in the stratospheric 

layer and to estimate by high accuracy (~ 1 km) the location of positive and 

negative zones of first and second vertical derivatives of the MAF. Physical- 

geological interpretation of stratospheric balloon gradient surveys proved on 

significance of the use ones for the study of magnetic anomalies and investigation 

of the Earth's crust structure. It is shown, by comparison of ballon, aero- and 

satellite magnetic surveys, that ballon gradient magnetic data allow more reliably 

and beim-full to interpret the characteristics of regional magnetic anomaly sources 

that the use of data of other survey kinds. The satellite data have a preference for 

the study of global tectonic structute of the Earth's lithosphere. Thus, stratospheric 

balloon magnetic gradient surveys are presented important and necessary for the 

study of the Earth's crust structure. They successfully compete with aero- and 

satellite surveys and rationally supplement ones. 



Figure caption 

Fig. 1a. Global sounding data from ground magnetic observatory data (blac circles) 

and from satellite measurements (light circles). 

Fig. 1b. Electrical conductivity distribution found by parametric models. 

Fig. 2.    Anomaly magnetic field over the Europe and adjacent regions using 

MAGSAT scalar measurements. 

Fig. 3.    Scheme of the balloon's suspension system with magnetometric complex 

(MC): a - prior to the magnetometric equipment process; b,c - separation 

of the balloon suspension system from the descending part of the MC at 

the final stage of flight. 

1 - Suspended girder to the stratospheric balloon. 

2 -  Magnetic sensor N1 for the magnetometer N1. 

3 - Container for the magnetometer N1. 

4 - Pyrotechnic bolt ensures a begining of descent of magnetometer N1. 

5, 10 - Brake - parachutes. 

6, 11 - Halyard - catchings. 

7 - Magnetic sensor N2 for the magnetometer N2. 

8 - Container for the magnetometer N2. 

9 - Pyrotechnic bolt ensures a beginning of descent of magnetometer N2. 

12 -  Magnetic sensor N3 for the magnetometer N3. 

13 -  Container for the magnetometer N3. 

14- Pyrotechnic bolt ensures the separation of system for the landing. 

15- Rescue - parachute. 

16, 17 - Packages of flexible electric cable - rope for the magnetic sensors 

of magnetometers N1 and N2. 

Fig. 4.    Values (AT) of the middle and upper magnetometers (altitudes 27,9 and 

30 km accordingly) using momentary measurements of the geomagnetic 

field (curve 1), their smoothing values (curve 2), normal geomagnetic field 

(curve 3), calculated from IGRF model, measured field values (T) (curve 4) 

and values of the normal magnetic field from IGRF model with the bars 

(curve 5). 
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CmcTeivia MHKpocnyraHKOB aia reo4>H3iMecKHX 
Hccjie^oBaHHH "3cTa(|>eTa" 

B.H.OpaeBCKHH, B.AAneKceeB, B.FI.rojioBKOB, 
B.IO.KjienHKOB, AH.CrenaHOB 

HHCTHTyr 3eMHoro MarHeTH3Ma, HOHOc(J)epbi H pacnpocrpaHeHira 
pa^HOBOJiH POCCHHCKOH aKafleMHH Hayx (H3MHPAH) 

142092, MocKOBCKaa O6JI., r.TponuK, H3MHPAH 
Teji.: 334-09-28, (paicc: 334-01-24 

ßjw Hsy^eHMa H rjioöajibHoro MomrropHHra 3eMjiH H OKOJio3eMHoro 
npocTpaHCTBa H3MHPAH co3#aeT MHorouejieByio cHCTeMy cnymMKOB c 
Ha3eMHOH HH<ppacTpyKTypoH. OnTHManLHaa cHcreMa COCTOHT H3 
32 MHKpocnyTHHKOB BecoM 50-100 KT Ha KpyroBbix op6HTax c 
HaKJioHeHHeM 90° B 4-X pa3BepHyrbix Ha 45° no oTHomeHHio o/ma K flpyroö 
IIJIOCKOCTHX. CwcTeMa MOJKCT scpcpeKTHBHO paöoTaTb yace npH 
4-x cnyTHHKax Ha opÖHTe. 

CoraacHO Oe^epajibHoii KOCMHHCCKOH nporpaMMe nepBbie KA oyayr 
BbiBe^eHbi B IY KB. 1999r. rpynnoBbiM MeTo^oM HJIH nonymbiMH 
3anycKaMH. 

Co3^;aBaeMaa cHCTeivia "BcracpeTa" BKJiioHaeT, KpoMe opÖHTajibHOH 
rpynnnpoBKH, ceTb Ha3eMHbix CTaHUHH c nponycKHOH cnocoÖHocTbio OT 
100 K6HT/C (npH 4-x KA) no 1 M6HT/C (npn 32 KA). 

B.OpaeBCKHH 



The "Relay Race" Microsatellite System for Geophysical Researches 

V.N.Oraevsky, V.A.Alexeev, V.P.Golovkov, V.Yu.Klepikov, Al.Stepanov 
Institute of Terresstrial Magnetism, Ionosphere and Radio Wave Propagation 

of the Russian Academy of Sciences (IZMIRAN) 
142092, Troitsk, Moscow region, IZMIRAN 

Phone: 334-09-28, fax: 334-01-24 

For decision of problems of research and global monitoring of the Earth 
and near-earth space environment IZMIRAN carries out the work on crea- 
tion mulyitarget satellite system with a ground infrastructure. The optimum 
orbital constellation consists of 32 microsatellites of weight of 50-100 kgs 
with inclination of circular orbits about 90 degrees in four planes, turned on 
45 degrees each to other. The system together with a ground infrastructure is 
created step by step during 3 years; with total expenses about 40 millions of 
US dollars. The effective work of system is possible already at 4 satellites in 
an orbital constellation. The launch of the satellites on an orbit will be car- 
ried out by a group method by conversion missiles ("Start", "Rokot", 
"Shtill") or by passing launches. According to the Federal Space Program the 
first satellites of the system is planned to start in IV quarter of 1999. 

On base of microsatellite system the global computer communication 
system "Relay Race" is created including besides an orbital constellation of 
the microsatellites the network of retranslation ground stations allowing to 
provide the continuous communication data rate of the information from 
100kbit/s (at 4 satellites) up to 1 Mbit/s (at 32 satellites). 

V.N.Oraevsky 



KEPI- H OHH- x lenrrpoiwaniH mbiii cf>on BO BHC iinieii noHoc(J)cpc HW 

ceiicivfoaia HBiibiMH paiioiiaM H HI ero npHMeHemie #JIH MOMrropirara 3eM- 

jieTpficeHHH c Hcnojii>30BaHHeM Majibix cnyTHHKOB 

KD M-MnxaitnoB, r.A.MHxafijiOBa, O.B.KanycTHHa 
H3MHPAH 
142092 r.TpoHujc MOCKOBCKOü O6JI. 

^eTajibHO HccjieAOBaHti aMiuiHTynHbie cneiopw CBHCTflinHx aTMOc4>ep«K0B, 

Ha6jiK>ÄaeMbix Ha HC3 «PfaTepKOCMoc-24» npH npojieTe Ha« ceficMoaKTHBHWMH 30- 

HaMH (L = 1,5 T 1,9) B pa3JIHHHHX reo$H3HHecKHx ycjiOBHax. IIo HHTCHCHBHOCTH 

CHrHaiiOB H xapaKTepy HX cneicipoB noKa3aHO Ha öOJIBHIOM oobeiwe flaHHwx, mo B 

nepHo^ noflroTOBKH 3eMjieTp.aceHiffl npa Kp < 3 npoBO^HMOCTb D-oGjiacra B03pacTa- 

eT, a npH reoMarHHTHbix BOSMymerorax yMeHbinaeTCfl. EpeanojiaraeTCfl, mo ceficMH- 

TCCKHH 3$i^eKT CB«3aH c yBejmqemieM ITPOBOäHMOCTH nproeMHofi aTMOc<})epM B pe- 

3yjibTaTe paflHoaKTHBHOi o löJiyqeHHa (pa^ora) B nepHOfl tpeiuHHOoGpasoBaHira, a 

reoMarHHTHWH - c BwcwnaHHeM B&icoKOSHeprHiHbix Haeram H3 BHyTpeHHero pazma- 

HHOHHoro noflca. 

fljia oÖHapjoKeHHH HI-BOJIHOBBIX 3({)<j)eKTOB ceÄCMHHecKOH npapoAW npe^no- 

jiaraeTCfl Hcnojib30BaTb Majiue cnyraHKH, KOTOpbie MoryT sanycKaTbca Ha op6Hiy ny- 

TeM oxnejiemra OT 6ojibiiiHx cnyTHHKOB, a TaKace npH cxapre paKeT c MopcKHx njiaT- 

4»opM. Martbie cnyTHHKH Moryr HMerb npeHMymecTBa c TOHKH 3peHHfl HX aneicrpo- 

MarHHTHOÄ HHCTOTbi, oßHaKo HeMajioBaacHofl sanaieä mnaercs oöecneieHHe Hawie- 

Mcaiimx jieTHbix xapaierepHCTHK 3-THX enyraHKOB, TaKHx, icaic BpeMa 3KH3HH H Haneac- 

Hocib yapaBjieHH«,, a TaioKe B03MO»cHOCTb #ocraToiHO lOTHoro onpeflejieHHs op6n- 

TaiibHbix napanieTpoB H opHeHTauHH 

BBe^eHHe 

JSfis HCCJieAOBaHHfl KHH- H OIW-sjieKTpOMarHHTHoro <J>OHa BO BHemHen HOHOc4»epe 

Hcnojib30BaHbi aaHHbie HaGjnoflefflrii CBHCTHIHHX aTMOccf)epHKOB (CA), nojiyneHHbie Ha HC3 

«HHrepKOCMOc-24» npH npojiere ero m.ji ceHCMoaKTHBHWMH pafioHaMH, Häßecrao, HTO B 

CHrHajiax CA MaKCHMyM sHeprun npHxoaHTCfl Ha HacTOTbi f < 3 KTU (KHH) H f ~ 5-8 KTH 



(OHH) [1]. XapaKTepHCTOKH pacnpocTpaHeroia sjieKTpOMaraHTHBix BOJIH STHX flHana30HOB 

B BOJiHOBOAe 3eMjia-HOHoc$epa H npoxoKfleHHe HX BO BHeuimoio HOHOc4>epy onpcnejunoT- 

CÄ, rjiaBHBIM 06pa30M, «JWBHTCCKHMH CBOHCTBaMH HTOKHefi HOHOC^epfcl (D-o6jiaCTMO AHeM 

H E-OÖliaCTblO HOHMO) [2]. B 3TOH CBJ13H IUHpOKOnOJIOCHblC CIiyTHHKOBbie 3anHCH CBHCTH- 

iDjix aTMOc^epHKOB cjieAyeT paccMaTpHBan. KaK KOCBCHHOC cpeÄCTBO H3yHeHH» H3MeHeHHÄ 

CBOHCTB fflüKHeM HOHOc4»epW B pa3JIHHHBIX reO$H3HHeCKHX yCJIOBHHX, BKJTIOHaa CeHCMHHe- 

CKyro aKTHBHOCTh. B paöoTe [3] snepBtie HcnoJn.30BaHtr innpoKonoxrocHwe 3anHCH KH1!- w 

OWl-mnyHevom BO BpeMs HpancKoro 3eMJieTpAceHHs B moHe 1990 r. c HC3 

«KHTepK0CM0C-24». CnytHHK npojieTaji naß, STOH c^HCMoaKirHBHOH oßjiacTtio iepe3 4 q no- 

cjie raaBHoro TOOTKa c MarHHTyaofi Mp = 6,7 H onepeacan cepHK) noBTopHbix TOJI^KOB Ha 2 

i c Mp = 5,0, Ha 3,5 H c Mp = 6,1 H Ha 6 H c Mp =5,4, nosTOMy aHOManBHtie 3<J)<])eKT&i B 

cnerrpax rojryHeHHM npOÄBHJiHCb Hanöojiee apm. 

HacToamaa paöoTa SBJIHCTCM npoflojiaceHHeM HCCJicaoBaHHH H3MeHeHHfi D-o6jiacra 

HOHOc^epbi B noÄroTOBHTejiBHyio <jia3y 3eMjieTpaceHHH no cneinpaM CA, HaöJHOÄaeMbix B 

uiHpoKonojiocHbix sanHcax Ha HC3 «ÜHTepKOCMOC-24», HO no öojiwneMy oöteMy SKcne- 

pHMeHTajisH&ix ÄaHH&ix. ßji» cpaBHefflia paccMOTpeHti aMnjiHTyzmbie cneKip&i CA B Mar- 

HHTOaKTOBHbie H CnOKOHHHe nepHOÄW B OTCyTCTBHe CeHCMHieCKOH aKTHBHOCTH. 

Hcxo^Hbie ÄaHHBie H MeTOflHKa HX o6pa6oTKH 

Jinn H3yqeHH» OTKjiHica HHMCHCH HOHOc<j)ep&i Ha 3eMjieTpaceHHH HcnoJu>30BaH&i IHH- 

poKonojiocHbie 3anncH sjieKTpHHecicoM KOMnoHenrbi sjieiopoMarHHTHoro nojw, nojiyneH- 

H&ie Ha npneMHOM nyHKre H3MHPAH q> = 55,5°N X = 37,3°E c HC3 «HHTepKOCMOc-24». 

JSflSL 3Toro npneMHoro nymcra 30Ha pazniOBHflHMOCTH npocrapanacb no nrapoTe OT 25 äO 

80°N, a no AOJiroTe - OT 340°W äO 80°E, BKjnonaa B ce6« we Hanoojiee ceficMoaKTHBHtie 

oGjiacTH. Cpe^H3eMHoe Mope H KaBKa3 c HpaHOM. Corjiacno #aHHbiM KaTanora [7], npe- 

uejibHue KOopÄHHaT&r snHijeHTpoB 3eMjieTpaceHHii, HiweBinHX MecTO B 1990-1992 r.r., öBIJIH 

cjieayromHe: qw = 45°N; (pmiin 
= 34°N; X = 10-31°E, L = 1,35-1,85 AHA nepBofi o6jiacTH H 

tPmax = 43°N; cpmin = 27,5°N; X = 43,5-58°E, L = 1,3-1,85 - #JM BTopofi. ITosTOMy am o6pa- 

IIo aaHHHM Ha3eMHbix Ha6j]K>#eHHH [4-6] B nepHOfl ncwroTOBKH 3eMjierpsceHHH 3a HCCKOJIMCO nacoB no 
cyroK HMejiH luecro aHOMajibHo BHCOKHC HacroTH cJieaoBaHHA H HHTCHCHBHOCTH aTMOc4)epHKOB. 



öOTKH OTonpajiHCb 3armcH, noJiyneHHHe Ha opÖHTax, npoeKun» KOTopwx no nrapoTe npo- 

CTHpajiacib B npeflejiax 25-45°N, T.e. B HHTepBane L-O6OJIOHCK 1,3-1,9. 

fljiH BwnojffleHHH ÄerrajitHOH n«(f>poBOH oöpaöoTKH aHauoroBwe cHraajibr c MaraH- 

TO^OHHOH JieHTM BBOflHJIHCb B KOMÜblOTep.  CneKTpajftHO-BpeMeHHOH aHaJIH3 BBeÄeHHbEX 

3anHceä BbinojiHJüic« MCTOAOM cKOJib3»mero BpeMeHHoro «oima» ÄJiHTejibHOCTbio ~ 25 MC 

B ^Hana30He nacTOT 0- -14 KTH, B pe3yjibraTe Koroporo onpeaeraiiacb wfyponasi cneKipo- 

rpaMiwa, T.e. 3aBHCHMOCTb/f^. OflHOBpeMeHHo onemiBajiacb cneiopajibHaa raiOTHocTb Maic- 

CHMyMa l&ndßauJ). fla^ee no KpnBo&f(t) B6JIH3H fi^ no myu TOTKBM no o6e CTOpOHbi 

oneHHBanacb ßHcnepcna D & npeflnojiOMceHHH npHMeHHMOCTH 3aKOHa 3KKepcjieH, D= t/Vf. 

350 

PHC.I. ÜOfliiHCH K pnc. K CT. KlMMnxaiuioBa n pp. «KHH- H OIW- 

3jieKTpoMarHHTHbiH 4»OH BO BHeniHefi HOHOC(|)epe Ha« ceficMoaKTHBHbiMH pafi- 

OHaMH Eßponbi (HC3 «HHTepKOCMOc-24»)» 



Cjieflyioiimfi mn o6pa6oxKH - 3xo nojiyneHHe cxaracxHiecKoro pacnpeaejieHH» 

nacTOT MaKCHMyMOB H oraocMxenLHOH MaKCHMajisHOH cneKipajibHofi HJIOXHOCXH B CTOK- 

Tpax CA «na Kancfloro npojiexa cnyxHHKa. 

nocKOJiBKy B paccMaxpHBaeMMH nepnoA 1990-1992 r.r. nanoojiee Momnoe cencMH- 

necKoe »BJieHHe KaK no HHKHCHBHOCTH, xaK H no npoÄOjracHxejibHOcra npoiBoinno B Hpane 

c 20 no 28 mora 1990 r., TO ocHOBHoe BHHMaHne B aHajiroe Äaifflwx yaejieHO HMCHHO 3XO- 

My nepnoÄy. Corjiacno äBHHHM [7], B 3TOT nepnofl HMeno MCCXO 16 noBTopnbix TOJIHKOB C 

Mp ox 4,8 Äo 6,1 H OKOJio 60 c Mp < 4,8. PacnpeÄejienne OWOB seMJiexpaceHHfi B nepnoa 

1990-1992 r.r. B SOHC paÄHOBHÄHMOCTH HC3 «HHxepKOCMOC-24» B npneMHOM nymcre npn- 

BcaeHOHapncl. 

OcHOBHHe pe3yjn»xaxH 

fljis HGCJieÄOBaHH« noBeÄeHHJt B-CJIG» Honoc^epti B nepHOAH HOATOXQBKH 3eMJie- 

TpaceHHfi H BbicoKOH MamHTHOH aicrHBHOCTH 6LüIO oTOÖpano 53 BHTKa npn npojiexe cnyx- 

HHKa B mnpoKOH nojioce aomox OT 350°W m 65°E, HO npeHMymecTBenno B nepnoa BPe- 

MenH, BKJiHDMaiomnfi coferra» HpancKoro seMJiexpHceHH* 1990 r. Ha HHX omsajiocb 10 

BHTKOB npn Kp < 3, HO B oTcyxcTBHe seMJiexpacemiH. nocjcojibicy Koa^HUHeHXM aaxyxa- 

HHH OHM-BOJiH äJI« Heo6wKHOBenHOH nojwproanHH nPH npoxoaweHHH BO raemmoio HO- 

Hoc^epy H3 BOJiHOBOÄa 3eM,na-HOHOC^epa MaKCHMajitHH Ha Bbicoxax h ~ 60-90 KM H 

yMeHbinaiOTCH no MIDFIBHB na xpH nqpvnca na h ~ 1000 KM [2], B oöpaöoncy 6bUiH BKJIIO- 

neHM see CA, HaÖJiioAaeMbie Ha h ~ 700-2400 KM. 

CnoKOÜHbiü 4>OH, Kp < 3, mm sauxempacemiü. HaHÖojiee mxrepecHbie wi» aHajiH3a 

- 3TO HacTHHHO-ÄHcneprHpoBaHHbie CA, Ha6jnoÄaeMwe B yxpeHHee H ÄHeBHoe MecTHoe 

BpeM«, KorÄa B cyxoHHOM xo*e rposoßofi aicraBHOc™ H ypoBH» axMoc^epHbix noMex OKOJIO 

3eMHofi noBepxHOCTH HaÖJiKwexca MHHHMyM, 6oJiee rjiyooKH» B yxpeHHee BpeMa. 3XH 3a- 

KOHOMepHOCTO npoaBHjmcb Ha cnyxHHKe, Kor^a nPH Kp < 3 B ceHCMOcnoKotax ycJiOBnax 

Ha Bbicoxax Äo 2400 KM HacxHHHo-ÄHcneprHpoBaHHwe CA HeraracuMO ox aojiroxbi JIH6O ne 

mQmoaajimb COBCCM, JIH6O onent peÄKO (w> 4 MHH
1
) H cjiaöon HHXCHCHBHOCXH, upwieu B 

HX cneKxpax npHcyxcxßyiox xosbKO KJTC-KOMnoHeHxw B nojioce nacxox ox 200 Tu äO 2 

KTU. B yxpeHHee epeM» na Bcex opÖHxax HaÖJiroaajiHCb KJTC-niHneHHa B nojioce nacxox 

400-500 Tn. Hau CpewoeMHbiM MopeM B nepHoa MaKCHMajibHOÜ cesoHHofi rposoBofi ax- 



XHBHOCXH (MOH M-n) Aono.raHxejn.Ho HaöJiiOÄajiCÄ H Bxopofi MaKCHMyM B cneKipe laCTHH- 

Ho-flHcneprapoBaHHHx CA, HO 6ojiee cjiaöon HHTCHCHBHOCH no cpaBHeHmo c Km B ne- 

PHOä nepe/t 3aXoaoM Comma Bospacxaex nacxoxa cjieflOBaHH» H KHxeHCHBHocxs CA no 

cpaBHeHmo c yTpeHHHM H AHeBHHM BpeMeHeM. 

reoMaenumubie 3$$eKmbi e D-o6jiacmu. #11» ouemm reoMarmrrHMx 34>4>eKXOB B 

D-o6jiacxH HOHocfcpu na cram, HIQKIIX L-o6ojiOHKax (1,4 < L <2) 6MJIH paccMoxpeHH asa 

nepwofla BMCOKOH reoMaranxHOH aKTHBHOcxH: 19-21 Ma» 1990 r. H 22-23 aBrycra 1990 r. 

npn Kp ~ 5-6. AHajiH3 flammx B 3XH nepHoaw noKasan cjieayiomee: Bo-nepBtix, Ha6jiKWi- 

JiHCb HCKjnoHHTejiBHO qacxHrao-ÄHcneprHpoBaHHi>ie CA, B aMiuiHTyAHbix cneinpax KOXO- 

PMX npHCyXCXBOBZUlH XOJlfaKO KITO-KOMnOHeHXH C BepXHefi  qaCTOTOH OXCCHCH ~ 0,7-1,5 

KTU, T.C HHace, TCM B CHraanax B cnoKOHHtix ycjiOBiwx. Cjie^ti 3XHX CHraajroB mf(t)- 

cneioporpaMMax 6MJM CHJIMHO ;m4><|>y3Hi>iMH. C yMeHtmeHHeM Kp-HHfleKca nacxoxa cjie- 

AOBamw CA(-6-8 MHH^npaKraqecKH He H3Memuiacb, HO pacuiHpjuic» KfW-cneicrp B 06- 

JiacxB öojiee BBICOKHX lacxox (w 2 KTIJ). Ha scex BHXKax npn Kp > 3 HaOJiKwaracB KOT- 

umneHHa B nojioce 300-400 Hi. 

CeücM03(p<pefcmbi e D-o6jiacmu, EMJIH npoaHajiH3HpoBaHw cneKxp&i CA Ha 7 npo- 

Jiexax cnyxHHKa B nePHofl c 21.06. no 29.06.1990 r. 1 npojiex nan CpcymaeMHHM MopeM 

18.01.1990 r., 1 npojiex mm PyMBiHneH 29.05.1990 r. B noÄroxoBHxejibHyio $a3y 3eMJiexpÄ- 

cemffl. AH3J1H3 aMnjiHxyflHMx cneierpoB CA noicasaji cjieayiomee: Bo-nepBbix, pacumpeHHe 

KITO-cneKxpoB B o6jiacxi> 6ojiee BMCOKHX no cpaBHeHHio co CHOKOHHBIM $OHOM, lacxox (no 

3 KTH); BO-Bxopbix, noflBJieHHe cneirrpajibHMx KOMnoHeHx B OHq-flnana30He; B-xpexwix, 

HaOJiKweHHe emmwiHhix lacxHiHo-ÄHcnepra-poBaHHBrx CA aHOMajitHo BMCOKOH HHXCH- 

CHBHOCXH {(SmJS0f ~ 8} c uinpoKHM cneicrpoM AF = 100 -10000 Tn 6e3 MHHHMyMa Ha 

^acxoxax 2-3 KTU, xapaicxepHoro WM cneicrpoB axMoc^epHKOB, HaöjnoaaeMbix B BOJIHOBO^C 

3eMjia-HOHoc$epa; B BeiepHee BpeM» :JXH CA conpoßoacÄajiHCb axo-CHraajiaMH, oxpaaceH- 

HbiMH B K»KHOM nojiymapHH, Mxo yicasbiBaex Ha oöpasoBaroie MarHHxoc4>epHMx KaHajiOB 

Hafl CeHCMOaKXHBHHMH 30HaMH B nOÄTOXOBHXejIBHyiO $a3y 3eMjiexpaceHHH. 



B icaiecTBe Hjimocxpa-     N/NTOX 

OHH   Ha   pHc.2,a   npHBe^eHM  1 ° ~ 

KpHBwe pacnpeflejieHH» nacxox 

MaKCHiwyMOB B cneicxpax qac- 

THHHO-flHCneprHpOBaHHHX   CA   °5 - 

c ÄHcnepcneä D < 20, HOPMH- 

poBaHHbie K cyMMapHOMy KO- 

JIHHeCTBy      MaKCHMyMOB      fljM    o.O 

Tpex  pauiHTOBix  reo$H3Hqe- 

CKHX yCJlOBHfi: CnOKOHHMH $OH 

- 2 = 69; reoMarHHTHaa aKxro- 70 

HocTb -   Z = 54 H ceHCMHie- 60 

cKaa aKTHBHOCTb - E = 300. Ha 50 

pnc.2,6 noKa3aHo pacnpe^ejie- 

HHe OTHOCHTejIfcHOH HHXeHCHB- 

HOCTH MaKCHMyMOB fljw Tex ace 

reo4»H3HHeCKHX  yCJIOBHH.   H  B 

BHÖopoHHBix npojiexax, H B 

rHCTorpaMMax pacnpeflejieHHs 

TOTKO npocjieiKHBaerca o6mas 

N 

0     1000 2000 3000 4000 5000 6000 7000 8000 9000 
f, Hz 

f=0-30GOHz 

*]    "    P   P    I    » 
0-0 0.1 0.2   2        20.3 0.4 0.5 

PHC.2. THCTorpaMMBi pacnpeaejiemis racxox M3KCH- 

saKOHOMepHocit: yMeHtineHHe MyM°B B CneKTpe CBHCTan*»x aTMoc^epHKOB (a) H OT- 

BepxHefi      HacTOTbi      KHH- HOCHTeju>Hofi HHTCHCHBHOCXH 3XHX MaKCHMyMOB (6) B 

cnewpoB nPH Kp > 3 H ysem- CnoKoMbIX y^OBHax npn Kp < 3 (cnjioin-Haa JIHHH»); 

nenne ee B ceücMHqecKH ax- "^   Kp   <   3'   H0   B   ceficM<>aKXHBHMH   nepHo/* 

XHBHBM nepHOA no cpaHBemno (mTpHXOBa* J™"^ nPH Kp > 3 B oxcyxcxBHe seMjie- 

CO     CHOKOHHHMH     4>OHOBHMH    T?*°m™ ^™-W*™P™ ™™*l 

3HaieHHHMH; mmuBHue wnonHinentmix MaKCHMyMOB m racxoxax Bwnie 3 KTI< B cefic- 

MoaKTHBHi.ie nepHOflw. Bwecxe c xeM Hex CHJIBHOH 3aBHCHMOcxH HHTCHCHBHOCXH CA ox yc- 

JIOBHH B D-oÖJiacxH HOBocfljcp«, a yBeiiH^eHHe Konrarn» CA B ceHCMoaKTHBHBm nepHOfl 

npoHcxoaHT 3a cnex cnafwx CHixianoB (anoMa^no CH^HBie e^m^ie CA npn nocxpoe- 

HHH pacnpeflejieiofH HCKJHOTCHBI). 



06cy)KÄeHHe pe3yjibTaTOB 

ITpuBeAeHHwe Bbiine pe3yjibiaTi.i noKaranH, HTO B OTCyTCTBHe ceiicMHMecKHx H reo- 

MarHHTHbix B03MymeHHii B ocaemeHHoe BpeMS cyTOK Ha Bbicorax 700-2400 KM Ha6jno#a- 

K)Tca qacTHiHO-ÄHcneprH-poBaHH&ie CA, B cneiopax KOTOpwx npeoÖJKwaiOT KJTO- 

KOMnoHeH-TM. Haa Cpe,nH3eMHbiM MopeM B nepHOflM MaKCHMajitHofi rpo30Bofi aicraBHOCTH 

B cneicrpax äHCBHBIX CA AonojiHHrejibHO HaÖJiioflaKncÄ H OHH-KOMnoHeHTbi, HO öojiee 

CJiaöwe no cpaBHemno c KFFI-KOM-noHeHTaMH. 3TO 03Hanaer, HTO äHCM npn npoxoacjjeHHH 

BO BHeuiHioK) HOHOC(j)epy OJW-BOJIHM HcnbiTBiBaioT öojiee CHjitHoe 3aiyxaHHe no cpaBHe- 

HHK) c KFW-BOjraaMH. 3TOT BBIBOA xopomo coraacyercji c pe3yjibraraMH TeopeiwiecKHx 

pacHeT0ß[8], corjiacno KOioptiM K03^viujaewThi npoxoaqjeHHH sjieKTpoMarHHTHbix BOJIH B 

flHana30He nacroT 1-30 KTH, HOHMO HMCIOT MaKCHMyM na/= 5 KTH H cjia6o HSMCHäIOTCS no 

o6e CTopoHw OT Hero. JSßQM xe, BO-nepßbix, K03<j)(JMHHeHT npoxojKfleHHS no BejiHHHHe Ha 

nopjmoK HH^ce, neu HOMBK», H, BO-BTopwx, 6yayHH MaKCHMaribHbiM Ha laeroTe ~1 KTH (JJJW 

onpeÄejieHHOH MOäCJIH HOHOC^epBi), nocjieflOBaTejibHO yMeHbinaerc» c lacroTOH, HanpH- 

Mep, B 5 pa3 Ha/~ 15 KTH. C POCTOM 3aTyxaHHa B D-o6jiaera 3Ta KpnBaa CMemaeTca K öo- 

jiee HH3KHM HaCTOTaM. 

PfcxoA» H3 nocjieÄHero BbiBO#a xeopHH, MoacHo KanecTBeHHo OöBSCHHTB xapaioep 

aMnjiHTyflHbix cneiopoB B ceiicMoaKTOBHbie H MarHHToaioHBHbie nepnoÄU. CwiemeHHe 

BepxHeÄ nacTOTH KFFl-KOMnoHeHT cneiopa HacTHHHO-/«icneprHpOBaHHbix CA B nonroTO- 

BHxejibHyK) 4>a3y 3eMJierp»ceHHH H noHBjieHHe B HX cneiopax OIW- KOMnoHeHT yKa3BiBaeT 

Ha ocjiaßjieHHe 3aTyxaHHa STMX BOJIH npn HX npoxoacÄeHHM BO BHeimuoK) HoHoc^epy. C 

POCTOM reoMarHHTHOH aKTHBHOCTH BepxHas lacTOTa B KHH-cneKTpax CA nocjieaoBaTejib- 

Ho yMeHBHiaercH H npn Kp ~ 6 CT3HOBHTCH MeHee 1 KTH. 3TO yKa3&iBaeT Ha ycmieHHe 3aiy- 

xaHHa KFR-BOJIH npn HX npoxoameHHH BO BHCUIHIOIO HOHOc$epy. OrcKwa aieflyer, HTO 

oÖJiacTb D HOHOc^epbi B nepKOÄbi ceHCMH^ecKoiS a reoMarHHTHOH aKTHBHocreH MOäH(J>H- 

UHpyeTca pa3HbiMH areHraMH. B mpmw reoMarHHTHbix B03MymeHHfi rjiaBHWM areHTOM, 

yMeHbuiaroioHM iipoBOÄHMOCTb D-o6jia.cra, sBsmorrQs noxoKH BMCOK03HeprHliHbix 3Jieie- 

TpOHOB, KOTOpbie Bbl3bIBaK>T ÄOnOJIHHTejlbHyK) HOHH3anHK) B HHJKHefi HOHOC(j>epe. 



3aKjnoHeHHe 

AHajHö aMiuiHTyÄHMx cneKipoB lacTHqHO-ÄHcnepnipoBaHHbix CBHCTJHHHX aTMO- 

c4>epHKOB, Ha6jHOflaeMwx Ha HC3 KHTCPKOCMOC-24 B ocBememioe BpeMa cyroic B paanm- 

Hbix reo^H3HiecKHx ycjioBHflx noKasaji cjieayromee: 

1. B cnoKOHHHH nepHoa B OTcyrcraHe ceficMOTecKHx H reoMarHHTHHX B03MymeHHfi B 

cneiopax CHraajioB Haojiroflaroxc» upeHMymecTBeHHO KPM-KOMnoHeHTbi (f < 3 KTH) C 

BepxHeii qacTOToii orceHKmfc ~ 1,5 KTU. 3TOT pesyjibiaT xopomo coraacyerc» c Teoperane- 

CKHMH npeAciaBJierowMH o CBOHCTBax iipoxoamerora Kim- H OIW-BOJIH BO BHennnoK) HO- 

Hoc^epy H3 BOJiHOBoaa 3eMjia-HOHoc4>epa. 

2. C pocTOM reoMarHHTHoli aKTHBHOcra BepxHs» qacTora OTCeqKH KIW-KOMnoHeHT 

CMemaerc» K 6o.nee HHSKHM nacToxaM (700-1000 Tu), HTO yKasbiBaer, coraacHO TCopero- 

necKHM ripeÄCTaBjieHiWM, Ha ycwieHHe 3aTyxamw IOFI-BOJIH npH HX npoxo>KfleHHH nepe3 

D-CJIOH HOHOC^epbl. 

3. B ceftcMoaKTHBHtifi iiepuoÄ B noflxoTOBOT&HbHyio <|>a3y 3eMjieTpflceHHH B cneKrpax 

CBHCTHIHHX aTMOc4>epHKOB Ha6jno,qaeTcs CMemeHHe Bepxneii nacTOTbi OTCCHKH KWl- 

KOMnoHeHT, Haoöopox, K 6ojiee BHCOKHM «racToraM (2,5 - 3 KT H) H nommime OHH-KOMTO- 

HeHT, T.e. ocjiaÖJieHHe 3aTyxaHna KFR- H OIW-BOJIH npn HX npoxo>KaeHHH nepe3 D-CJIOH. 

TaKHM o6pa30M, BbinojraeHHbifi anajn« aMnjimyAHbix cneKipoB CBHCTaioHx aTMOc^e- 

pHKOB no3Bo^Hji qenco pa3ÄejiHTb ceHCMHHecKHe H reoMarHHTHbie 3$<J)eKTbi B D-o6jiacTH 

HOHOC^epbi. IIocKOJibKy OHH B npoTHBo$a3e OTHOCHTejibHo 3aTyxaHH» Bojnr, ppyrmm CJIO- 

BaMH, npOBOflHMOCTH D-o6jiaCTH, OHH OÖyCJIOBJieHW pa3JlHHHWMH <[>H3HHeCKHMH areHTaMH, 

MOÄH^HHHpyiomHMH 3Ty oöjiacTb. ßonojiHHTejibHas HOHH3aiJiHa B D-o6jiacTH, BbßBaHHaa 

BbicbinaHiieM BbrcoK03HeprHiHbix «tacraH H3 BHyrpeHHero pa^maunoHHoro noaca BO BpeM« 

reoMarawrabix B03MymeHHH, AeftcTBHTejibHo, npHBo«HT K ycHJieHHio 3aTyxaHH» KOT n 

OIW-BOJIH, HTO H Ha6jIK>flaeTCS B 

3KcnepHMeHTe. Orwofla cjieayeT, TO Bbicoieo3HeprH«jHbie *racTHUbi He Moryr 6biTb oraeT- 

CTBeHHbi 3a noBbnneHHe npoBOÄHMocra D-o6-jiacm B jiHTepaType BMCKa3aHo npeanojio- 

aceHHe, «rro yßentmeime IIPOBOäHMOCTH D-o6jiacra MoaceT öBJ» CB*3aHo c BosfleficTBHeM 

pazmoaKTHBHoro H3Jiy=teHHs ra30B H BOäBI, HacbimeHHbix paaoiaoM. 

CjieflOBaTejibHO, pe3yjibTaibi yroä paooxw noKa3anH, iro «JM onHcamwr <jm3HqecKHx 

CBOHCTB D-o6jiacTH nan ceHCMoaKTHBHbiMH 30HaMH yace HeaocTaTOHHo H3BecTHbix Mexa- 



HH3M0B H0HH3aiJHH COJIHeHHMMH H raJiaKTHHCCKHMH KOCMHieCKHMH JiyqaMH. HeOÖXOflHMO 

npHBjieKaTb H Äpyrae sBjieHira, Koropbie no3BOJiaiOT pa3BHTb MexamöM jiHTOC(j)epHO- 

HOHoc^epHoro BsaHMOÄeHCTBiia B caMoft HHacHefi ee oöjiacTH. TaKofi MexaHH3M B HacToa- 

mee BpeM» OTcyrcTByeT. 

AIM oÖHapymeHH« FFI-BOJIHOBMX 3<J>(J>eKTOB ceÄCMH'iecKoft npHpo^w rrpeflnojiara- 

ercs Hcnojii>30BaTb Manbie cny-raHKH, KoTopwe MoryT 3anycKaTbcs Ha opönry nyTCM oTfle- 

jieHHa ox 60JU.UIHX cnyTHHKOBi, a xaioKe npn cxapre paicer c MopcicHx njiaT^opM. Mautie 

cnyTHHKH Moiyr HMerb npeHMymecTBa c TOHKH 3peHH» HX ajieicrpoMarHHTHOH HHCTOTBI, 

OÄHaKO HeMajiOBaacHOH samaiefi mjiaeTc» ooecneiemfe HaaneiKaiimx jreTHwx xapaicrepH- 

CTHK 3THX CIiyTHHKOB, TaKHX, K3K BpeMS 2KH3HH H HafleiKHOCTb ynpaBJieHHH, a TaKMCe B03- 

MO5KHOCTB ÄOCTaxo'ffio TOIHOTO onpe^ejieHH« opoHTajibHbix napaMerpoB H opHeHTanjHH, a 

TaKMce Haa;e»cH0CTL ynpaBJieHHH. 

B paMKax pa3pa6oT*M TSKOH nporpaMMBi 6biJia noKasawa BO3MOMCHOCTB 3anycKa Ma- 

JIMX cnyTHHKOB co cjie^yromHivm napaivieTpaMH: opfora KpyroBaa, Bbicora opfera 350 - 

400 KM, HaKxtOHeHHe 75 - 77°. BpeM» cymecTBOBaHH» cnyraHKa «o nojiyrona. Bee Hayratoif 

annapaiypbi ao 25 - 30 KT. B KanecTBe npnoopa ana H3MepeHHa OOT-BOJIHOBMX ABjieHHH 

npeÄnojiaraeTCfl Hcnojib30BaTb Mo;wfl:j)HiBipoBaHHbiH BapHamr npneMHHKa HBK-Oin, KO- 

TopMH nosBomer peniCTpHpoBaTb anempHMecKyio H MaraHTHyio KOMnoHeHTbi OHI-BOJIH B 

ÄHana30HC 8 Tu, - 20 KTH, lTpuöop BUCHT OKOJIO 5 KT H noTpsßjiaeT He 6ojiee 5 - 6 BT. B 

KOMiuieKC Haymofi aimapaTypbi noMHMo OT-BOJIHOBMX npHÖopoB npeanojiaraeTca BKJIK>- 

HHTb BBicoKoiacTotHbre BOJiHOBbie npHÖopbi, perHCTpaTop arfeiapoHHOH IUIOTHOCTH H TCM- 

nepaTypw, orrraHecKHe npnGopbi H cneicipoMeTp 3HeprmHbix aneKipoHOB. 

JSflx KoppeKHHH opÖHTbi npe,«ycMOTpeHo npHMeHCHHe ÄBHraTejia Majiofi Tara. #JIH 

c6opa H nepeflaHH aaHHbix Hcnojib3yeTCH TeneMeTpH» c eMKocxbio 3anoMHHaiomero ycT- 

poficTBa flo 32 M6afiT H CKOpocTbio nepenaHH aaHHbix 6ojn>ine 1 MÖHT-C"
1
. OpneHTauHH 3- 

xocHaa, ToiHOCTb CTaOHjiHsaipfH no OCSM ±10°, ToiHOCTb onpeaejieHHa napaMerpoB opn- 

eHTauHH He xyace ±1 °. 

MoHHTopHHT 3eMjieTpHceHHH oöecne^HBaeTca 3anycK0M 4-6 Majibix cnyraHKOB c 

HHTepBajiOM 1,5-2 naca. 

HacToamaa paöoxa BbinojmeHa npH (jwHaHCOBoö noÄnepacicH P<M>H (rpairr 95-05- 

14620). 
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FRACTIONAL HOP WHISTLERS PROPERTIES OVER 
SEISMOACTIVE REGIONS AND HIS APPLICATION 
FOR EARTHQUAKE MONITORING WITH USING OF 
SMALL SATELLITES 

Yu.M.Mikhailov, G.A.Mikhailova, O.V.Kapustina 

Institute of Terrestrial Magnetism, Ionosphere and Radio wave propagation of the 
Russian Academy of Science, Troitsk, Moscow region, 142092, Russia. 

Results of amplitude spectra investigations of whistlers, registered on Inter- 
cosmos 24 satellite during its passes above earthquake regions at different 
geophysical conditions are presented. Using the large volume of data and 
analyzing of the intensity and form of spectra there is shown, that in the 
earthquake preparing phase at Kp < 3 the D region conductivity decreased, 
at magnetic disturbance it on the contrary increased. It is supposed, that the 
seismic effect is related with the radon radioactive radiation in time of the 
chink arising, and the geomagnetic effect is related with an high energy 
particles precipitation from the inner radiation belt. 

INTRODUCTION 

For the ELF and VLF electromagnetic background Study whistler satellite Intercosmos 
24 observation data, in time of its passes above seismoactive regions are used. All 
whistlers, observed on heights from 700 to 2400 km were included. That is well 
known, that whistler signal spectra have a maximum energy in the range of f< 3 kHz 
(ELF), and in the range from 5 to 8 kHz (VLF) [1]. The characteristics of electromag- 
netic wave penetration through the ionosphere are defined by physical properties of 
the lower ionosphere (D region conductivity by day, E region at night) [2]. Thereby 
the wideband satellite whistler recording may be considered as an indirect method of 
variations lower ionosphere study in different geophysical conditions, including quake 
activity. For the first time wideband satellite Intercosmos 24 ELF and VLF records in 
time of Iranium earthquake 20 June 1990 were considered in paper [3]. There was 
observed high intensity of fractional hop whistlers, propagated to satellite on short 
way from Earth-ionosphere waveguide. This fact shows that VLF attenuation in D re- 
gion of the ionosphere is decreased in preparing phase of earthquake. In the paper [4] 
an analyze of wideband records was executed on base ISEE 2 data and no seismic ef- 
fects have been detected, however authors deal not with the single whistlers. 

Present paper continue preceding investigations [3] of variations D region conductiv- 
ity at the preparing phase of the earthquake on base of the whistler spectra study. For 
this purpose the large volume of the wideband VLF data registered on Intercosmos 24 
satellite was processed by detsdl digital spectral analysis. 

EXPERIMENTAL DATA AND METHOD OF THEIR PROCESSING 



According to the catalog [5] limit coordinates of earthquakes epicenters in interval 
1990-1992 for these two regions situated in intervals off»: 34-45 °N, of A: 10-3TE and 
of L: 1.35-1.85 for first region and in intervals of <p. 27-43°N; of X= 43.5-58°E; of L = 
1.3-1.85 for second region. There are chosen records, registered on orbits, whose 
projection lay in latitude range 25-45°N or of L-shells 1.3-1.9. 

The processing method of experimental data was the following. Signal records pre- 
liminary were analyzed with the analog spectrum analyzer. For detail digital process- 
ing 75 passes (January 1990 - June 1992) in longitude sectors: 1-30° and 45-60°E 
were chosen. Then for lighted daytime those data were divided on three groups in ac- 
cordance with different geophysical conditions: a) in magnetic and seismic quiet pe- 
riod, b) with magnetic disturbances without a seismoactivity, c) in a period of seismic 
activity, but at Kp < 3. The spectra-time analysis of these records was carried out by 
the time window method in the range from 70 Hz to 14 kHz with near 25 ms window 
duration. In result, the digital spectrogram, i.e. f(t) dependence, was defined and 
spectral power density (SPD) of maximum ^max(4ax/) was estimated simultaneously. 
For each whistler we have moment of time for which S0 had maximum, relative in- 
tensity SwJ So, where S0 is the SDP of board calibration signal, dispersion D. Then 
distribution of number of spectral maxima on frequencies and relative SPD for each 
satellite pass were obtained for the fractional hope whistlers (D < 20) only. 

Since in consid- 
ered period the 
most power seis- 
mic phenomena 
took place in Iran 
from 20 to 30 June 
1990, therefore 
our attention will 
be given to this 
period. According 
to the paper [5] 
data, in this period 
16 aftershocks 
took place with 
Mp from 4.8 to 6.1 
and 60 aftershocks 
with A^?<4.8. Dis- 
tribution of earth- 
quake epicenters 
in the radiovisibil- 
ity zone of satellite 

Fig.l. Distribution of earthquake epicenters at 1990-1992 period in 
radiovisibility Intercosmos-24 zone. 

Intercosmos 24 receiving center during 1990 is given in Fig. 1. 

Quiet background, Kp < 3. seismic activity is absent. The fractional hop whistlers, 
observed in the morning and daily local times have the main interest for analyze. In 
that period in diurnail variations of thunderstorms activity and atmospheric noise level 
near Earth' surface minimum is observed. Our investigations confirmed this. At Kp<3 



N/N max 

without seismic activity fractional hop whistlers independently from longitudes didn't 
been observed quite or were observed rarely (up 4 min"1) and they have very weak 
intensity, and besides their spectra contain only ELF components in the frequency 
range from 200 Hz to 2 kHz. At the morning on all orbits ELF hiss in the range 400- 
500 Hz were observed. Second maximum in fractional hop whistler spectrum was ob- 
served additionally on the frequency above 3 kHz over Mediterranean sea in maxi- 
mum thunderstorm activity period, but VLF maximum had weaker intensity in com- 
parison with ELF maximum. Before sunset the fractional hop whistlers recurrence 
frequency is increased in comparison with morning and day. 

Geomagnetic effects in D region. For an estimation of geomagnetic effects in D re- 
gion on lowest L shells (1.4 < L <2) two periods of high magnetic activity were con- 
sidered: 19-21 May 1990 and 22-23 August 1990 at Kp ~ 5 - 6. Analyze of these data 
in mentioned periods has shown, that there were observed only the fractional hop 
whistlers, in amplitude spectra of which were only ELF components with higher cut 
off near 0.7 - 1.5 kHz, i.e. higher cut off was lower, than in quiet conditions. Tracks 
of these signal oaffl spectrograms were very diffuse. With decrease of Kp index the 
fractional hop whistlers recurrence frequency did not been changed, but took place 
broadening of spectra up to 2 kHz. On all orbits ELF hiss in frequency range from 300 

to 400 Hz were observed. 

Seismic effects in D region. 
There are analyzed whistler 
spectra on 10 passes over 
seismic active zones in period 
of preparing earthquake with 
Mp~4.7 -6.1,h~3- 10 km, 
including 7 - over West Iran 
21.06-29.06.1990, 1 - over 
South Iran 06.11.90, 1 - over 
Mediterranean Sea 
18.01.1990, 1 - over Romania 
25.05.1990. Analyze of am- 
plitude spectra of whistlers 
showed the next peculiarities: 

1. Broadening of spectra in 
higher frequency side. 

2. Appearance of spectral 
components in VLF range. 

3. Observation of unique 
fractional hop whistlers ano- 
malously higher intensity 
{(SnJSof ~ 8} with wide 
spectrum AF= 100 -■ 10000 Hz 
without minimum at frequen- 
cies 2-3 kHz occurred in 
Earth-ionosphere waveguide 
atmospherics spectra. In eve- 
ning time these whistlers are 

0     1000 2000  3000 4000 5000 6000 7000 8000  9000 
f, Hz 

f = 0-3000Hz 

Fig.2. Histograms of maximum frequencies in the 
fractional hop whistlers spectra (a) and relative inten- 
sity (b). Thick line - Kp <3, quiet conditions; thin line 
and symbols '*' - Kp <3, seismoactive period; dotted 



associated with echo-signals, reflected in south hemisphere, that is evidence on 
forming of magnetosphere ducts over seismoactive regions in preparing phase of 
earthquake. 
In Fig.2a there are given distribution of maxima frequencies in the fractional hop 
whistlers spectra, normalized to total quantity of maxima for three different geophysi- 
cal conditions: quiet background E = 69; geomagnetic active period E = 54 and seis- 
mic active period E = 300. In Fig.2b distribution of relative maxima for same geo- 
physical conditions has been shown. As in passes and so in histograms of distribution 
total law was seen: decreasing of higher cut off frequency at Kp > 3 and its increasing 
in seismic active period in comparison with background volume in quiet conditions; 
also appearance of additional maxima at frequencies higher than 3 kHz in seismoac- 
tive periods was observed. 

CONCLUSION 

Analysis of the fractional hop whistlers amplitude spectra, observed on Intercosmos 
24 satellite in day time at different geophysical conditions showed the next peculiari- 
ties: 

1. In quiet period, when seismic and geomagnetic activity is lacking, spectra 
involve advantageously ELF components (f < 3 kHz) with higher cut off frequency 
/c~1.5 kHz. This result agree with theoretical introducing about properties of ELF and 
VLF wave penetration from waveguide Earth-ionosphere to outer ionosphere. 

2. With geomagnetic activity increase the higher cut off frequency of ELF 
spectrum is shifted to lower frequencies (700 - 1000 Hz) that is consequence, ac- 
cording to theory, of attenuation ELF wave increase at their penetration through D 
region of the ionosphere. 

3. In seismoactive period in preparing phase of earthquakes the high cutoff of 
whistlers is shifted to higher frequencies (2.5 - 3 kHz). It is observed appearance of 
VLF components, that means better penetration of ELF, VLF waves through D region. 

In such manner analyze of whistler amplitude spectra allowed clear separate seismic 
and geomagnetic effects in D region of the ionosphere. The hypothesis was suggested 
that in seismic active period intensity radiation of radon may occur changing D region 
conductivity [6]. However theory of this problem is needed in development. 

Present paper has been executed at financial support of RFFI (Grant 97-05-65753). 
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AjieKceeB B.A., FOJIOBKOB B.U., OpaescKHH B.H. 

HHCTHTyT 3eMHoro MarHera3Ma, Honoccpepbi H pacnpocxpaHeHHfl pa^HOBOKH PAH 
142092, r.TpOHLjK, MOCKOBCKOH O6JI. Tel: 095-3340121, Fax: 095-334-124 

B 1979 ro«y no flaroibiM cnyxHHKa "HHTepKOCMOc 19" 6MJI oÖHapyaceH 3<p- 

CpeKX   pe3KOrO   B03paCXaHHfl   HHXeHCHBHOCXH   HHGKOHaCXOXHblX   3JieKTpOMarHHTHbIX 

inyMOBbix H3JiyqeHHH B BepxHefi HOHOc<J)epe npn nponexe cnyTHHKa Ha,n; 30HOH roxo- 

Bflmeroca HUH npoHcxoAHiiiero 3eMJiexpaceHH5i. Pe3ynbTaTbi COBMCCTHOH oöpaöoncH 

AaHHbix HH3KoqacTOTHbix H3JiyqeHHH, noTOKOB qacxHij; H nnoTHOCTH H TeMnepaTypbi 

mia3Mbi no3BOJTHJiH oÖHapyDKHTb neH3BecTHbrä paHee 3cj)(J)eKx B036y>KÄeHHfl HH3KO- 

qacTOTHbix myMOB Ha« rny6HHHWMH pa3jioMaMH 3eMHofi KOpw. TnyÖHHHbie xeKxo- 

HHHeCKHe pa3JTOMM JIBJiaiOTCfl 30HOH KOffljeHXpaUHH CTpeCCOB, KaHaJIH3aUHH <j)JIIOH- 

flOB, a3p030JieH H ra30B, H3MeHeHHa HaMarHHHeHHOcxH H 3JieKxponpoBO#HocxH rop- 

HblX nopOfl, B03HHKHOBCHHJI BblCOKHX. SJieKXpHHeCKHX IIOXeHUHaJIOB H T.n. TeKTOHH- 

necKHe pa3noMbi aBJiaioxcfl xaK>Ke xeMH reoflHHaMHHecKHMH cxpyKxypaMH, KOTOpbie 

4>OpMHpyK)T   30HM   nOBHUieHHOH   CeHCMHHHOCTH,   T.e.   HBJIfllOXCfl   30HaMH   BblCOKOH 

onacHOCTH npHpo/jHbix Kaxai<jiH3MOB. Bee STO cmpe/jenaex Heo6xo,miMocxb nsyneffira 

(JjHSHHecKHX npoueccoB B 30He pa3JioMOB, HcnoJib3yfl Bee ßocxyriHbie MexoAbi, KaK 

Ha3eMHbie (reojiornqecKHe, reocproHnecKne, reoxHMH^ecKHe H x.n.), xaK H cnyxHHKO- 

Bbie. OnwcaHHbiH Bbiine Mexoa jierKO peanH3yexca Ha CHCxeMe Majibix cnyxHHKOB H 

HBJiaexcH Ba^HbiM AonojiHeHHeM K cymecxByiomHM. Ha ocHOBe H3yneHHfl sjieKxpo- 

MarHHXHbix nojieM pa3JHMHoii MOIIJHOCXH H ^acxoxHocxH, a xax^ce xenjioBbix nojiefi 

MOJKHO pemaxb cueflyiomHe samara: 

HCCJieflOBaHHe pa3JIOMOB KaK npOBOAHHKOB XeiUIOBblX H (pJIIOHflHblX SHflOreHHblX 

noxoKOB; 

BbiHBJieHHe H Hsy^eHHe pa3JioMOB, KOHxpojiHpyiomHX pa3MemeHHe MecxopoHC/je- 

HHH He<J)XH H ra3a; 

H3yHeHHe XeKXOHHHeCKOfi aKXHBHOCXH pa3JIOMOB H nOHCK npeÄBeCXHHKOB 3eMne- 

XpHCeHHH. 



Study of geodynamical processes using techniques of registration of 

the electrical and magnetic fields and the electromagnetic emission. 

Alekseev V.A., Golovkov V.P., Oraevsky V.N. 
Institute of terrestrial magnetism, 

ionosphere and radio wave propagation of RAN 
142092, Troitsk, Moscow region, 

Tel: 095-3340121, Fax: 095-3340124 

In 1979 the abrupt increase of intensity of the low frequency electromagnetic 

noise emissions in upper ionosphere was detected from the data obtained with the 

satellite "Interkosmosl9". This phenomenon was observed in case the satellite flying 

over a zone of earthquake being in stage of preparation or realization. The results of 

joint processing of the data of low-frequency emission, corpuscular flows as well as 

temperature and dension of plasma permitted us to reveal the previously unknown effect 

of generation of low frequency noises over the deep faults of the earth crust. The deep 

tectonic faults is considered to be the zones of concentration of stresses, canalization of 

fluids, airosols and gases, change of magnetization and electro- conductivity of rocks, 

appearance of high electrical potentials and so on. The tectonic faults are also the same 

geodynamical structures which form the zones of elevated seismicity, i.e. they are the 

zones of dangerous natural hazards. All of that cause the necessity of studing the 

physical processes in fault zones using all available methods, namely the surface ones 

(geological, geophysical, geochemical and so on) and the satellite ones. The method 

described above easely realized on a set of small satellites allows solving the follows 

problems: 

- studying the faults as conductors of heat and fluid endogenous flows; 

- revealing and studying the faults controlling the distribution of oil and gas deposits; 

- studying the tectonic activity of the faults and detecting the earthquake forerunners. 



HT@™ M m®p©m®KwmmM m©GM®Mß^®^^ np@tMi®M Temoremoro 

3a©@p@™go o^@ji@3®M&i©'r@ roGMi^iigror© fflp'töxgrpa&aeTBSio 

Ky/iMK C.B 1 , JlyKbnmeHKO B.M 2- .ÄOBJiee M.B. 2, MwxawJiOB M.A. 2, HOTOHOB C.C. 2, 
1 PoccMMCKoe KOCMWwecicoe areHTCTBO, 129857. r. MocKBalyji.LJLlenKiiHal42,<|>aKc:+ 7 (095) 

975 46 07    ■ 
2 SJHMMMaiuuMiHOCTpoeHMJi 141070, r.KopoJiee MocK.o6^.,y/i.nnoHepcKaji,4,<J)aKc: 

+7(095)288 90 63 

PoccwMCKoe KOCMM^ecKoe areHTCTBO (PKA) paccMajpMBaeT KaK eecbwa 

aKTya/ibHyio npo6^eMy oöecne^eHra öeaonacHOCTM KOCMWHecKwx noiieTOB B 

yc/iOBMflx' TexHoreHHoro sarpraHeHra OKOfloaewHoro KoewwHecKoro 

npocTpancTsa (OKO) M CHi/wceHMH onacnocTM fljra oöibeicroB Ha Sewne npw 

HeKOHTpOJlMipyeMOM BXOXAeHIM KOCMMHeCKMX 06l2>eKT0B (KO) B nnoTHbie enow 

aTMOC<$>epbi M MX riafleuMM Ha Sewn». 

B oöecneneHMe penjeHWfi STOW npo6/ieMbi PKA opraHwsysT KOMOJTCKC 

HayHHO-MCCJieflOBaTeflbCKMX        M npoeiaHO-KOHCTpykropCKnx        pa6oT. 

npMQpMTBTHbiMM nanpaBjneHraww paöoT qB/imOTcn: aKOJiorMHecKMft MOHMTOpMHr 

OKU, BKniOHan1 06/iacTb reocrauwoHapHofi .opßwTbi (TCO), cosAaHwe BAMHOM 

MHc|)opMaui40HHOi4 cMCTeMbi (annapaTypno-nporpaMMHoro KOMnneKca) ßß® 

MHCfjopMauwoHHoro conpoBOXAeHMfi coöbiTOM onacHoro cÖJnwxeHM^ KO w MX 

HeKOHTpo/iwpyeMoro ■ Bxofla B n^oxHbie CJIOM aTMOc^epw, paapa6oTKa 

cnoco6oB w cpeflCTB aaiuMTbi KOCMMHecKMX annapaTOB (KA) M op6MTanbHbix 

CTaHUMM     (OC)    OT    B03AeftCTBUfl     BbiCOKOCKOpOCTHblX    4aCTMt4    KOCMMHeCKOrO 

Mycopa (KM), paspaöoTKa M BHeApenwe Mepbnptwrofl, HanpaB/ieHHUx Ha 

CHuxeHiie sacopeHHCTM OKU. 

Hwxe npeflCTaBJieHw ocHOBHbie pesyjibTaxbi wcc/ieflOBaHHM PQCGMMCKMX 

opraHwaauMM no npo6newe TexnoreHHoro sarpnsHeHra OKU 

Ho peay/ibTaTaM paflwojiOKauMOHHbix u3MepeHMft, Buno/iHeHHux 

poccwMCKOw CMCT6M0M KOHTPOJTO KOCMM4ecKoro - npocTpaHcrraa (CKKO) 

paspa6oTaH icara/ior Ha6iuoAaeMbix o6-beK?OB paswepoM 6onee 0,2...0,3 M Ha 

BblCOTaX  AO   HeCKO/IbKMX  TbIGOT   KMJIOMeTpOB.   0praHM30B3H0   BSaWMOfleWCTBMe 

cneuwa/iMCTOB poccwwcKOw w awepMKaHCKOM cwcTew CKKn no o6weHy M 

yroHHeHMto flaHHbix tcaTa/iora. 



Ho peayjibTaxaM oniMHiecKMx HaöusoAeHwift MHciwyroM TeopeiMHecKOM 

acipoHOMMM POCCMMCKOM aKaAOMMW HayK pa3pa6oiaH Kaianor oÖBetaroB 

paswepoM 6oiiee 0,5 M B oßjiac™ TCO M cooTBeiciByioiiiee nporpaMMHoe 

'pöecne^eHMie, Koiopwe noaBOiranoT npOACKasbiBaTb nonoxenwe O6B6KTOB Ha 

TCO B npeflenax TpexneTHero nepwoAa ABi^xeHMfi c TWHOCTbio AO 0,02-0,05 

rpaA- Kaxajmor coaepxtiT wH^opMauiwio o 682 oßTbeicirax, cpeflM KOTopux 231 

cfjyHKUMQHMpysoujiMe KA, 85 oöteKTOB, coBepiuaiou4Mx jmwßpaipoHHQe 

ABM>KeHMe,   m   279  Apewcj^yBOiuMx' oÖTbetcroB.   Kaianor  jaoce   BKJIKM&ST  48 

QÖTbGKTOB C HeyCTaHOBJieHHblMM OpÖMTaJlbHblMM XapaKTCpMCTMKaMM M 39, 

OpÖMiaJlbHbie       XapaKTepWCTHKMl^   KQTOpbiX       MSBGCTHbl       C       HeAOCTOTOHHOR 

TO^HOCTb». SaperwcTpMpoBaHbi cjiy^awHwe MSMeneHMA CKopociw ppem^a (A V 

AO 10 w/ceK) pnpß HeynpaBJineMux reocTaipQHapHbix KA, Kofopue Moryr 6wTb 

OßwlCHeHbl MX CTOJlKHOBeHMfSMM c KM. 

Niagara pa6o™ no wccJieAOBaHMW BQSMQXHQCTCM wcnojibsoBaHra 

paflwojiOKajopa AaJibnew KQCMMHCCKQM CBJUSM (r. Esnajopra) ßßu Ha'ÖJuofleHum 

4acTML4 KM c nepcneKTMBOw perwcipwipoBaTb oÖTbeKiw pasMepoM B HecKOUbKO 

MMJIJlMMeipOB Ha paCCTO^HMflX AO 1000 KM. 

ilpeAJniroiceHbs M o6ocHOBaHbi cnocoßy onTMHecKoro Ha6/iiOAeHM>( KM B 

oÖJiacT'w TCO c McnojnbaoBaHMieM cneuwajriMiaMpOBaHHoro KA (vmm cwcieMbi KA), 

'pacno/ioxeHHwx Ha opßwire nwxe TCO Ha 1,5-2 TWC^HM KM, a ratete npw 

opraHMsaipM nonyrHoro OKcnepMMeHia na reociauwoHapHOM KA "3jieKrpo". ■ 

PaapaöoxaHa ßopiosa^ annaparypa pemcTpaLpw coyAapeHiift KM c 

SJieMeHiaiviM KOHCTpyKUMw KA Ha ocHOBe nTbeaosjieKrpwHiecKMx, nneHOHHbix w 

Apyroro Twna A3T4MKOB 'cyAapenww, KOTopue pearwpyiOT' Ha yflap ^acTMLi 

MaccoM ox Aonew rpaMwa npw CKopocirax or GA^H^H AO ASCOTKOB KM/C. 

npOBOA^TC^l  paÖOTbl  no CQ3AaHMIO  6AMHOM  MHC|}OpMai4MOHHOM  CMCTeMbI, 

KOTOpa«    oöecneniMBaeT   onepaTMBHoe    MHCjj)opMai4MOHHoe    coripoBOXAeHue 

COÖblTMM,   CBflSaHHblX C  HeKOHTpOJlMpyeMblM  BXOAOM   KOCMMHeCKHX OÖTbeKTOB  B 

n/iOTHbie enow aTMOc4>epy M onacHbix c6inw>KeHMM nwnoTwpyeMbix KA w 

opöwTajribHbix CTaHUMw (OC) Mexny CO6OM M C ^acTMuaMw KM. B HacTO^niee 

spewm paspaöoiaHbi npMHLpny nocipoeHMH T3KOM CMcmeybi, cxewa 

B3aiAUOfl,ewcTBW9i   opraHMsauMw,   nojny^eH   nonoxwie/ibHy^   onwi  paßoT  no 

i/ 

V 



MH(f)opMaL4MOHHOMy conpoBOXAeHMio .HeKOHTpojicipyeMoro BxoAa B aiMoc(J)epy 

p^ifla KA. ■ 

PKA sawHTepecoBano B npoeeAeHMw pa6oi CQBMGCTHO C sapyöexHbiMw 

naprnepaMM no cosAaHW» GAMHQM wHcOopMauwoHHOM cwcreMbi 0 6aHKa 

AaHHwx pjm oßecneneuww öesonacHoc™ noneroB. 

SHa^MTenbHoe BHWMaHwe B PKA VAC/WOTCS paspaöoTKe m yroHHei-itiio 

MOAGJIM sacopenw^ OKU HenaOJiJOAaeMOM 4>paKiipeM KM. B Uei-nrpe 

nporpaMMHbix wccJieAOBaHww PKA npo<t>eccopoM A.M.HaaapenKo pa3pa6oiaHa 

öaswpywmasicsi Ha 3Kcn8pMMeHTaubHbix AamHbix cTaTMCiwecKa« MOASJib, 

KOTopan npwHsrra B Kawecree 6a30B0ft AIWI POCCMMCKMX cneL|najiwcTOB. B 

MexBeAOMCTBeHHoK • aKuwonepHOM KOMoaHMM "BbiMnen" AOKTOPOM 

3.H„XyropoBCKMM c coipyAHWKaMM paapaßoiaHa AäTepMUHupoBaHHan 

aHaiiMTOHecKa^  MOflenb KM,  Koropan  nosBoraeT B  npouecce. BbinwcjieHMiM 

npOCJieXMBaTb   ABMX3HM3   QTA©J1bHblX   KQGMMHieCKMX   QÖTbeKTOB   C   SaAaHHblMM 

op6wTanbHb[Mi4 xapaKTepwcTMKaMM. ComacHO MOABJIM Bbmo/iHeH pacner 

BepoOTHOCTM onacHbsx C6JTOXK8HMM" opöwiaiibHOM craHunki "Mwp" c 

KaTajmorwswpoBaHHbiMM oÖTbeiciraMM. 

B     UHklMMaLuiiHOcrpoeHMn     paspaöoiaHa     reopra     MwuMMpoBaHMfl 

BspwBHaTbix seiMecTB, KOTopue Moryr opwcyrcTBOBaTb B CHapJixeHMM KA, noA 

AewcTBweM    BUCOK03KepreTMHecKnx    raxe/ibix    HA©P    ra/iaicTOHeciaix    MAM 

cojiHe^Hbix jnynew, wo npeACTaBJiaei MHiepec npw oueHKax BQSMO&HQCTM 

cJjparMqHTaiuiMM KA Ha opöwje. 

MccueAOBaHwe vt  paspaöoTixa MeponpraTww no saniMTe KA M OC OT 

B03AGMCTBMM BblCOKOCKOpOCTHblX HaCTMU KM npOBOA^TCfl  B OpraHM3aL|M51X PKA 

no cjieAyfOU4MM OCHOBHWM HanpaBneHM^M: 

a) Saupxa nyreM AonouHMTenbHoro BKpaHwpoBaHMP. 

CosAaHbi M npoujnw SKcnepMMGHTajibHyto npoeepKy MHorocjiowHbie 

3KpaHbi, BKinKwatompe CJIOM ra^pwpQBaHHoro ajuoMi/iHwT w ceTOK. 

. npeABapMTejnbHbie wccjieAOBaHwpj noKasanw MX 3c|>cJ>eKTMBH0CTb Ana sanely 

KA OT B03Ae^CTBwa ^acTMU KM. 3TM sKpaHbi, B nacTHOCTM, nosBoratOY 

no/iy4MTb 6ojnbniMiM, neu Arm nnoocMx stcpaBOB, yroji pasjieTa BTöpuHHbix 

OCKOJIKOB m nacimu, KM, AeweBbi m TexHOJiorwHHbi B waroTOB^eHMw. 

6) 3amnTa nyreM paseepTbiBaHMfl Ha opöwre HeKOHC^opwHbix OKpanoB. 



TaKwe atcpambt MOXKHO ycTamoBMTb wa SHaNfMie/ibHyx pacciofSHwax OT KA M 

OC, Cflenaib noaewxHUMM, npoMSBOflwrb MX HapaiipBamwe B npouecce 

SKcnjiyaxaiJiMM mRenwR, HTQ nosBoraeT cyiuecrBeHHO noBbicwib saiuMTy c 

Hawöonee eeponrnyx HanpaBjneHMM BosßßüciBw^ «-äacimn KM, Cfle/iaHbi OUGHKH 

acfjeKTMBHOCTM 3ain,MTbi OC TaKMMM SKpaHaMM, BOSMOXKHOCTM MX noaTanroro 

nOCTpOeHMS B KOCMOCe. 

B) 3au4MTa nyrew yK/iOHfroinero Maneepa. 

MccfieflOBaHM^i noKasanw cyuiecTBeHHyio saBWCMMOCTb 3cf)«$5eKTOBHOGTO 

weiofla OT TOHHOCTM onpeAeJi@Hi/ra opöwT nacTMu KM u nporao3a onacnoc™ 

CTonKHOseHMM, onepaiMBHoro wHcfJopyauwoHHoro conpoBO>8CAeHM^ B03HMKLuew 

CMiyauMM, aanaca xapaKrepwciMmecKOM ctcopocTO w ftp. B nacTO^mee Bpew^ 

npoBOfl^TC^ paspaöoTKM a^ejcTWBHbix cnocoöoB u cpeflCTB peanwaamMM 3ioro 

MeTOfla 3au4MTbi. OcHOBHa« npoÖJieMa - CHMSMTb BeponTHOCTb jioxHbix jpesor. 

r) 3anpTa nyreM onepaTMBHO.ro onpeAeiieHWH npo6ofi CTCHKM ^asTOuew 

KM m BOCCTaHOBJieHMfl ero repMeniHHOCTii. 

PesyjribTaTbi npoBefleHHbix cneLiManwcTaMM PKA - wccneflOBaHMM 

noKasbisafOT, HTO npw cpaem/nre/ibmo Heöonbujwx eecoBbix saipaxax (10-20 Kr) 

MOXHO cosAaxb CMCTeMy onepaTMBnoro onpeAeneHM^ Mecra npoöo« c 

Mcno/ib30BaHweM   CMCTewa  flamwKOB   MexaHMmecKoro   BO3A6MCTBM?L- Bpew^ 

OTnyiMGHHOe Ha BOCCTaHOBJieHlte repMCTOHHOCTW MQXKGT COCTaBJIPTb H6GKQJ1bt<Q 

wacoB,' HTO BnojmHe A0CTaT04H0 A™ npowssoflCTBa Heo6xoflMMbix ■ paöor, 

noKasaHo,  4T0 ßfl® AMarHOCTwpoBaHM«  npooon  nosepxmoc™   100  KB: M C 

TQ4HOCTbKQ 1...2 CM HeOÖXOflMMO 0K0J10 30 flaTHMKOB. 

■CuenblO  0I46HKM  3C|)Ct»eSC™BHQCTM  3aiUL|MTHb!X 3KpaHQB  KA M  OC, t)UieHKM 

BepO^lTHOCTM   HenpOÖMTMS   MX  OTfleJlbHMX  MOAyilGM   B   L|HMM]   MaiUMHOCTpoeHM?! 

paspaöoTaH nepeuft sapwaHT MaujMHHOw nporpaMMbi "BUFFER"- aHanor 

nporpaMMbi "Bumper".' HACA CUJA. BbiHMCJieHMe nposoAMTce fifl® saflaHHOM 

Monenw sacopeHHOCTM OKO M peanbHow reoMOTpww MSA&nww c ynieTOM 

noJiyneHHwx B SKcnepuMemTe 6aiuwiCTvmecmx KpwBbix npoÖMTra MX saupmbix 

SKpaHOB M Kopnyca. QcmoBHa« Bepcw^i nporpaMMbi ocHOBawa Ha MeTOfle 

CTaTMCTMHecKMx wcobiTaHMM. BcnoMoraTejibHa?» sepcw^s nporpaMMbi 

.npQMSBQAMT aHajmorwHHbiw pac^eT M6T0A0M HiwcjneHHoro MHTerpwpoBaHM^. C 

Mcno/ibsoBaHweM   nporpaMMbi   "BUFFER"   nposeASHa   oueHKa   BOPQOTHOC™ 



npoöoa C^yxeöHoro MOAy/ifl MKC B Tenemie 1999 rofla; BpeM^ cHera ßj\a 
/■•. 

100000000 McnbiiaHMM Ha nOBM P-199 cociaBraeT 28 MMHyr. 

nepBooiepeAHue  Meponpraira,  npoBOAMMue  B  PKA  no  CHraceHwto 

xexHoreHHoro  sacopeHMfi   Kocwoca,   o6pa30BaHwo  ocoßo  onacHbix  we/rax 

OCKOJ1KOB CBOAflTCfl K CH6AyiOU4@Wäy: 

©c ueflbio npeflOTBpau4eHwe BSPMBQB: naccweauw^ oipaöoTaBUJMx 

paKeiHbix ciynene^ u KA, ocTasoiuiMxra Ha :Op6wTe, noBbnuemie HaAe>KHOCTM 

paöoib! 6opTOBbix aKKaMyji^TopHbix öaiapew; 

«coKpamemie- .cpoKOB naccMBHoro öannwciMHecKoro cymecTBOBaHw?? 

OTpaöoiaBLUMx paKeT-HOCMTe/ieft Ha op6nTe, npeflOiepameHwe wx nonaAaH'nq 

Ha paöoMwe opöwTbi; 

ocHMxeHwe KOJiM^ecTBa onepauMOHHbix aneweHTOB, ociatoiMMXC» B OKn 

npw BbiBOA© w aKcnnyaiauiMiM KA; 

oCHwxeHwe aacopeHHOCTO OKO Me/iKonucnepcHbiM KM nyreM 

wcnojib30BaHM?i cneuwajibHbix MaTepwanoB M TonnwB; 

M p^A Apyrwx Meponpw^TMM. 

Ocoöoe BHUManwe yAeraeiCT o6ecne4@Hwto öeaonacHOw sKcnnyaTauww 

TCO. C uenbto wcKimneHm nonaAaHWfi paaroHHbix 6^OKOB "flM" PH "npoiOH" 

Ha pa6o4yto opöwTy, npeAycwaTpMBaerra AOBbiBefleHwe KA na TCO c 

noMOuuibio 6opTOBOw ABMraTe/ibHOM ycTanosKw. npeAnpMHWMaoTC?? Mepu no 

ynpaBirasMoyy yBOAy OTpa6oTasuj!4x KA c TCO B oöjiacrb op6wj saxopoweHM^ 

(Bbiiue TCO öoiiee HBM HB 200 KM.) 

CjieAyei noAHepKHyrb, 4TO pesynbTaiw Mcc/ieflOBaHwfl M nayHHO- 

TexHMHecKwx paspaöoTOK o^opMJi^iOTCfi B BMA© rocyAapcTBeHHbix M 

OTpacnesbix   cianAapTOB,   cpem   KOTOPUX.B   ^CTHOCTM,   MOXHO   OTMeiwib 

cjieAy»iJ4Me: 

©"CMCTewa o6u4Mx TexHimecKMx xpeöoBaHWM  K BMASM  BOopyxäHWM  M 

B06HH0M TeXHMKM. 06mM6 TCXHMHeCKWe TpeÖOBaHMP K KOCMM4eCKMM CPBACTBaM 

■ " OTT KC-88., 

©XwcTeMbi    M    KOMoneKCb!    KOCMM^ecKwe.    06u4we   TpeöoßaHra    no 

SKOJiorwM"  OTT 11.1.31.95. 



'«"Mofle/ib npocTpaHCTBeHHö-BpeMöHHoro pacnpeAe/ieHun öJIOTHOCTO 

noTOKOB TexHoreHHoro BeiMeciea B OKH" Ha ocHOse paspaöoiOK 

A.M.HasapeHKo; 

•"MpAeJib npocTpaHCTBeHHO=BpeMeHHoro pacnpeflejneHWfl 

HeynpaBJiaeMbix KOCMWTOGKMX oftbeicroB Ha TCO" Ha ocHoee ncaTa/iora MTA 

PAH; 

©"TpeooeaHMH K cpeflCTBaM . KOCMM^ecKow TCXHMKM . npw MX 

npoeKTwpoBaHMM, OTpa6oTKe M 3KcnnyaTai4^M no npeflOTBpau4eHH» 

TexHoreHHoro sacopeHOHra OKU" 

M p^A APyrnx. 

PoccwwcKoe KOCMMMiecKoe areHTCTBO VAG/WOT 3HaHi/iTe/ibHoe BHuwaH^e 

opraHMsauMOHHOMy oöecneneHwio pa6oT no npo6meMe KQGMMTOCKOTO wycopa, 

B 1995 roAy npwKasoM renepa/ibHoro Awpeiaopa PKA fO.H.KonTeea oöpasoeaH 

M (f^yHKLpoHMpyei B Hacxo^iMee BpeMH npoöneMHbiw Coeei N6 PKA nofl 

npeAceAaTeiibCTBOM saMOCTWTejw AwpeKiopa UHMMMamwHOCTpoeHra 

B.M.ÜyKbaiuieHKO, ' ' A@flTe/ibHOCTb Koroporo nocsnmeHa eonpocaM 

3KOiron/wecK0M öeaonacHOc™ PKT M xexHoreHHOMy aarppsneHMto OKU' 

OpraHM3aj4MM PKA aKTMBHO y^acxByoT B pemeHMw' npoönew 

KOCMMnecKoro Mycopa B paMicax MexAyHapoAHoro coipyAHMHiecTBa no 

HanpaBJieHwaivi Ae^Te/ibHOCTO: 

©MexareHTCKoro KOMMiexa no KOCMi/wecKQMy wycopy; 

oHayHHo-TexHMHecKoro noAKOMMieia KoMwiera no MMpHOMy 

McnoiibsosaHMio KOCMM4ecKoro npocipaHCTBa OOH; 

©KOMMCCMM Top-HepHOMbipAMH", B nacTHOCTfi, no Bonpocaw 

opraHMsauwM MH(J>opMaiLiMOHHoro B3awMOAewcTBM?i HACA M PKA no npoonewaM 

KOCMMHiecKoro Mycopa; 

eKoMMCCMfl ,syTKMH-CTacJ)c|)opA!8 B o6ecn'eHeHMe öeaonacHOCTM MKC B 

ycjiOBM^x B03AewcTBMfi KOCMM^ecKoro Mycopa; 

oMexAYHapoAHbix KOH^epeHuuR, cwMnoswyMOB M Apyrwx Meponpidfltwifi. 

PoccMMCKoe KOCMMHecKoe areHTCTBO BupaxaeT ysepeHHOCTb, 4TO TecHoe 

Me>KflyHapoAHoe coTpyAHMHecTBO STOITOOTCJI safiorow ycneuuHoro peweHMw 

npoöney TexHoreHHoro 3arp«3H6Hna OKonoseMHoro ■ KOCMMMecKoro 

npocTpaHCTBa. 
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INTRODUCTION 

Russian Space Agency 
safety in view of pollution 

is considering as urgent th 
of NES by technogenic orbital 

caused by the uncontrolled entry of-space objects into upper sre Has 

In order to solve this problem RSA has arranged a number of research and 
development activities. Priority activities are: monitoring of NES environment 
including the geostationary ring, the creation of a unified information system 
(hardware/software) for collecting and storing information on dangerous events such 
as close encounters or uncontrolled re-entering of space objects, development of 
methods and means for protection of spacecraft including space station against 
hypervelocity debris particles, and the development and implementation of measures to 

We present in the following the main results of Russian activities on technogenic 

OVERVIEW ON ACTIVITIES 

From results of radar measurements, conducted by the Russian space tracking system 
(STS), a catalogue of tracked objects has been developed for objects of minimum size 
of 0.2 to 0.3 meter at altitudes up to several thousands kilometers. Cooperation has 
been established between Russian and American STS specialists for sharing and 
updating of the catalogued data. 

Based on optical observations in the geostationary ring a catalogue of objects has been 
developed by the Institute of Theoretical'Astronomy of the Russian Academy ^of 
Science.. The catalogue contains data. of 682 objects which comprise 231 active 
spacecraft, 85 librating objects and 279 drifting objects. Also included in' the catalogue 
are 48 objects with unidentified orbital parameters and 39 ones where the orbital 

ammeters 



spacecraft which can be explained'by their collision with space debris. However, other 
explanations are also possible. 

study of using the long-ran| 
and tracking. The radar has 
for ranges up to 1000 km. 

has begun on 
)ria for debris 
s of a few millimeter! 

capability to observe 

analyzed for the 
geostationary ring using specialized spacecraft (or spacecraft constellation) which are 

mstrume: 
components have been developed' ba'S' 
collision sensors, which sense impacts < 
more at velocities up to tens of km/s.- 

train-gauge, film and other types of 
s with mass of fractions of gram or 

information system that provides in- 
mcontrolled re-entering of space c-bjects 
encounters of manned and unmanned 

SA is interested in the cooperation with foreign partners on the creation of a unified 
;ht safety. Considerable attention is 

g of orbital debris models which 
the RSA Center for 'Programming 

information system and database to 
given by RSA to the development 
includes unobservable debris. A. I 
Study has developed a statistical 

a deterministic an; 
have been made t« 

the guidance of Z. N. Khutorovsky 
eloped. Using this 

ility of dangerous close 

Investigations have been carried out at TsNIIMash to study the unintentional 
initiation of an explosion that can occur in spacecraft equipment containing explosives 
and being exposed to high-energy heavy nuclei of galactic or sun rays. 

Research and development for protection of spacecraft and space station from hyper- 
velocity debris particles impacts are being conducted at RSA organizations in the 

ig major areas. 

snieiamg 

gatec 

effectiveness for spacecraft protection from particle impact. 



Such shields can be mounted at considerable distance from spacecraft and space 
of 

assessment of an incremental build-up in space. 

Collision-avoidance maneuver 

approach is only effective, when the orbits of the debris object; 
airacy. At the present time effective ways and means of 

protection method are investigated. The major problem i 
of false alarms. 

to decre 

restoring 

system using 
penalties (10-20 kg). Time-to-restoring can be several hours which is enough to 
complete the necessary repair. For the diagnosis of penetration area location 100 m2 

with 1-2 m accuracy about 30 sensors are required. 

.s developed at TsNIJMash 
Computation is made for a given 

For the assessment of effectiveness of spac 
the first version of the BUFFER compute 
which is an equivalent of NASA BUMPE 
debris particle  flux  and  for  actual s; 
experimental ballistic curves of per 
basic program version is based on a 
version makes similar calculation using 

Activities conducted at RSA on reducing technogenic space debris comprises: 

s of protective shields. The 
program- 

o minimize passive orbital lifetime of spent launch vehicles; 

© decrease number of operational elements remained in NES' at spacecraft 

Special emphasis is placed on the safe utilization of geostationary orbit. To prevent the 
insertion into operating orbit of orbital 
transfer is called for geostationary 
spacecraft are transferred to a grave; 

onboard power unit. At end-of-life 
more than 200 km above the geö- 

lt .should be emphasized that research and development results are adopted as state 
and industry standards and other regulatory documents (see references). 



The Russian space agency puts considerable attention to the management support of 

Director-General Yu. N. Koptev RSA's Problematic Board no. 6 has been established 
under the chair of Deputy Director of TsNIIMash V. I. Lukyashchenko, its activities 
are dedicated to issues of environmental safety of rocket and space hardware and 
technogenic NES pollution. RSA participates actively in solving orbital debris-related 
problems through international partnership in: 

■Agency S 

® Scientific and Technical Subcommittee of the United Nations Committee on the 
Peaceful Use of Outer Space; 

© Gore - Chernomyrdin commission on issues of information, coordination between 
NASA and RSA on orbital debris problems; 

commission on providing Ibb safety in orbital debris environment 

The Russian Space Agency is convinced that the problems of technogenic pollution 
near-earth space can only be solved through close international cooperation. 
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OflHHM H3 HOBblX H nepcneKTHBHMX MeTOflOB BHeflpeHHH B rpyHT HB- 
JW6TCH Hcnojib30BaHHe noflBiombix neHeTpOMeTpoB, npeflCTaBJunoinHX ca- 
MoxoflHoe ycTpoöcTBo fljia nepeflBH3ceHiw B rpyere. OcoöeHHOCTbio HX HC- 
nOJIb30BaHHH  flJIfl   H3yqeHHH   rpyHTa  flBJIfleTCfl   B03MOJKHOCTb   BHeflpeHHH   B 
rpyHT Ha 3HaHHTejibHyK) rayönHy, H3yqeHHe CBOHCTB rpyHTa H OTöOP 06- 
pa3HOB Ha 3aaaHHOH rjiyÖHHe, B03BpaT Ha noBepxnocTb, MHoroKparaocTb 
HHKJioB BHeflpeHHa, oTÖopa o6pa3noB H B03Bpara Ha noBepxHocTb. 

B no^BffiKHOM neHeTpoMeTpe npHMemieTca ÄHHaMHHecKHH cnoco6 06- 
pa30BaHHH CKBaxHH B rpyHTe, cyn> KOTOporo COCTOHT B coBepnieHHH yaapa 
no 3aocTpeHHOMy HaKOHeHHHKy c noMombio rpy3a, pacnojioxceHHoro BHyr- 
pH Kopnyca ycrpoHCTBa. npeHMymecTBa HOBOTO cnocoöa 3arjiy6jieHHa w- 
CTHraioTCÄ TeM, HTO nepea coBepHiemieM yaapa cHaHa/ia HaKaruiHBaeTCH 
,n;o3HpoBaHHoe KcwiiraecTBo noTeHnnajibHOH sHepran B aKKyMyjMTope, a 
3areM nacTb aHeprHH pacxoayeTca Ha coBepniemie yzjapa no HaKOHe^HHKy. 
ßpyryio nacTb aHepran pe3epBHpyioT, HanpHMep, B BHfle aHepnni noflHirro- 
ro rpy3a, KOTOpyio B flajibHeöineM pacxoayioT Ha nepeMenjeHHe Kopnyca 
ycTpoHCTBa. 3TO no3BOjraeT peajiH30BaTb CBOHCTBO caMonorpyHceHHfl. 

noaBHXHbiH neHeTpoMeTp MoxceT 6biTb Hcnojib30BaH KaK nacTb no- 
jie3HOH Harpy3KH Ha nocaao^HOM annapaTe ,oyra royqeHHfl CBOHCTB H 

cTpoeHHfl BepxHHx CJIOöB rpyHTa KOMCTW. BO3MOXHW «Ba BapHanra ero 
npHMeHeHHH. B nepBOM BapHanre Ha3Ha^eHHe no^BiCKHoro neHeTpoMeTpa 
COCTOHT B oTÖope npo6 rpyHTa Ha 3an;aHHOH rjryÖHHe H B03BpaTa Ha no- 
BepXHOCTb.   Bo  BTOpOM  BapHaHTe  nOflBHHCHblH  neHeTpOMeTp   npOBOflHT  HC- 
cjieflOBaHHH rpyHTa no rjiyÖHHe c noMombio flaTHHKOB H npnöopoB, KOTO- 
pbie pa3MemeHbi BHyrpH Kopnyca noflBPDKHoro neHeTpoMeTpa. 

IIpH H3yqeHHH noBepxHOCTH mraHeT c noMombio njiaHeToxo^a ycTa- 
HOBJieHHblH Ha HÖM nOJHttüKHblH neHeTpOMeTp n03BOJI5ieT npOBOflHTb MHO- 
roKpaTHbie oTÖopbi npo6 rpyHTa c rjryÖHHbi. OroÖpaHHbie o6pa3Hbi aHajra- 
3Hpy£OTca H 3areM Moryr 6biTb aocTaBjieHbi H nepe^aHbi Ha B03BpaTHyK) pa- 
KeTy. 

üooBiDKHbiH neHeTpOMeTp MoaceT 6biTb BbinojiHeH aBTOHOMHHM. Ha- 
npHMep, npH paßoTe B jiyHHbrx ycjioBirax B Ka^ecTBe OCHOBHOTO HCToraHKa 
SHeprHH MOXHO Hcnojib30BaTb cojmeHHyio öarapeio iuiomanbio 0,03-0,05 
KB.M. BpeMfl aKTHBHOH paöorbi noflBHXHoro neHeTpoMeTpa B Te^emie jiyH- 
Hbix cyroK MoxeT cocTaanaTb HecKojibKo flecüTKOB nacoB. 

Bo3Mo>KHOcTH no«BH)KHoro neHeTpoMeTpa JWX H3yHeHHH rpyHTa: 
- H3yqeHHe cfmsHKo-MexaHKraecKHX CBOHCTB; 

- cencMHraecKoe 30HffHpoBaHHe; 
- H3yqeHHe ajieicrpHqecKHx CBOHCTB rpyHTa; 
- H3yneHHe TeroioBbix CBOHCTB rpyHTa; 



- H3yqeHHe cTpoemra H cTpyKTypbi rpyrcra. 
TexHHMecKHe xapaKTepncTHKH KOMiuieKTa no^BicKHoro neHeTpoMeTpa 

cjieflyronme: o6maa Macca - 0,65-0,7 KT, myöm» BHeflperaw flo 5 MeTpoB, 
CKopocTb BHe^peHHH B KBapijeBMH necoK 1,5 MeTpa B nac, noTpe6jiaeMaa 
MOIUHOCTb 1  BT. 
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B HacToamee BpeMfl HMeercA onpeflejieHHbifi onwT no co3flaHHio CH- 

cTeM nepeflBnaceHHa (niaccn) Majibix noflBKDKHbix aniiapaTOB ^IH pa6oTbi Ha 
noBepxHOCTH imaHeT. HaH6ojibUiHH HHTepec npeflCTaBJiflioT cjieflyioni,He 
pa3pa6oTKH: MHKpoMapcoxoa nPOIl-M, MHKpoMapcoxoA ROCKY, xoflo- 
BOH MaxeT ycTpoiicTBa pa3BepTMBaHiM npn6opoB, onbiT pa3pa6oTKH jiyHo- 
XOßOB H MapCOXOflOB PJW IiepCIieKTHBHblX npoeKTOB. 

Ha ocHOBe npHBefleHHoro anajiH3a pa3JiHHHbix CHCTCM nepeflBHDKeHiw 
M ycjioBHH paÖOTbi MHKpojiyHoxofla, a Taiace 3aflaHHbix HCXO^HMX #aHHbix 
6buiH onpeaejreHbi cjieflyK»mne Tpe6oBaHHH K cHCTeMe nepeflBEDKemw MHK- 

pojiyHoxofla: 
• ocHOBHaH ^acTb cjiyace6Hbix CHCTeM H nojiesHOH Harpy3KH floJDKHa 

pa3MemaTbca B npHÖopHOM OTceKe; 
• npHÖopHHH oTceK AOJixceH HMeTb CHCTeMy TepMoperyjiHpoBaHiw; 
• cHCTeMa iiepeflBiöKeHHH flojDKHa oöecne^HBaTb nepeflBHraceHHe Ha 

yioioH B 30 rpa^ycoB c pbixjiwM rpyHTOM; 
• HeoöxoflHMO o6ecneHHTb B03M0JKH0CTb KOHTaicra npHÖopHoro OTCe- 

Ka c rpyHTOM, KOHBepTHpoBamie , H3MeHeHHe KJiHpeHca H nojioace- 
HHH npnöopHoro oTcexa; 

• ,ny6jrapoBaHHe OCHOBHMX npHBOflOB cHCTeMbi nepeflBiDKeHHfl. 
fljia  o6ecnewHH5i  BbinojiHeHna  nepe*racjieHHbix Bbiine Tpe6oBaHHH 

6bIJIO   pa3pa60TaH0   HeCKOJIbKO   yHHtpHHHpOBaHHblX   KHHeMaTHHeCKHX   cxeM 
CHCTeM nepe^BHxeHHH, KOTOpbie no3BOjraioT peajiH30BaTb pasjiHHHbie cno- 
coöbi nepeflBKaceHH«: maraiomHH. KOJIOCHMH, rycemraHbiH. KojiecHO- 
ryceHHHHWH. 

OCHOBHWMH  HaCTHMH   paCCMaTpHBaeMblX  CHCTeM  nepeflBEDKeHHfl     Ü.B- 
jineTCH Kopnyc, flBe pbraaacHbie CHCTeMbi, paMa flBHacHTejiii, ^Msarrejib. 
BHyrpn Kopnyca pacnojioiKeHbi npHBoaa AJIH BpameHH« pbinaxcHWX CHCTeM, 
pa3BopoTa paM ßpwKmejm H npHBo^a flBHJKHTejra. BHyTpH pbraaroB pacno- 
jioxeHbi MexaHHraecKHe nepe^aHH äJIä BpameHHfl paMbi H flBHDKHTejiH. 

C Hejibio nojiyneHHH HHcpopManHH o BO3MO»CHOCTHX nepeflBHJKeHHa 
no jiyHHOMy rpyrny pa3jiHHHbrx THnoB flBHJKHTejiefi SKcnepHMeHTbi notca- 
3ajiH, HTO ryceHffiHHH «BnacHTejib npeonojieBaeT Ha STOM rpyHTe ytaioH 30 
rpa^ycoB c KoacpcpHHHeHTOM 6yKCOBaHH« 0,1. KojiecHbiH flBHaarrejib MoaceT 
npeoflojieBaTb yioioH nopwjKa 16 rpaaycoB npn KoacpcpHHHeHTe 6yKcoBaHHfl 

0,5. 
PaccMOTpeHbi ABa BapnaHTa cTpyKTypHbix cxeM MHKpojiyHoxozja: 
• aBTOHOMHWH JiyHOXOflJ 
• MHKpojiyHoxoÄ c KaÖejibHOH CBH3bK> c noca^orabiM annapaTOM. 



AiJTOHOMHOCTb MHKpojiyHoxofla o6ecne*iHBaeTCM HajiirraeM cHCTeMbi 
3HeproxiHTaHHJi OT cojiHe^HOH GaTapen, cHcreMbi pa#HOCB5i3H c noca^oH- 
HbiM annapaTOM H cncTeMW TepMoperyjrapoBaHHfl. ABTOHOMHMH MHKpojiy- 
HOXQO; MoateT paÖoTaTb B xeHemie HecKOJibKHX cyroK Ha yflajieHHH OT noca- 
/lOHHoro annapaTa #o 1 KHJiOMeTpa. MmcpojiyHoxozi c KaöejibHOH cB*[3bio 
MoaceT yaajiHTbCÄ OT nocaflOTOoro annapaTa Ha paccTOHHne j$o 100 M. B03- 
MoacHa no^MOTKa KaSejia, jipvcKemiQ B oGparaoM HanpaBjieHHH, a 3aTeM Ha 
HOBblH y^aCTOK MeCTHOCTH. 

JJjw ynpaBjieHHa flBrcsceHHeM MHKpojryHoxofla n;ejiecoo6pa3Ho Hcnojib- 
30BaTb flBa MeTojia: 

• flHCTaHHHOHHblfi   npOrpaMMHHH   MeTOfl   C   aBTOHOMHWM   aHajIH30M 
6e3onacHOCTH flBHJKeHHH, ocHOBaHHWH Ha aHajiH3e Ha Ha3eMHOM 
nyHKTe ynpaBjiemw TejieBH3HOHHbix CHHMKOB MecTa pa6oTbi, npo- 
KjiaflKH Mapmpyra JXPKKQUWL, nepe^aHH MapnipyTa aBHaceHira Ha 
MHKpojryHoxofl, B Bajxe iiocjieflOBaTejibHocTH yqacTKOB npflMOjiHHen- 
HOrO RBWKeHMSi; 

• ÄHCTaHHJHOHHblH   CTapT-CTOnHblH   MeTOfl   ynpaBJieHH»   TeJieCHHMKOB 
MecTa pa6oTbi, npoKjiaflKH oTpe3Ka Mapmpyia ABiDKeHira, nepe^ara 
Ha6opa KOMaHÄ flJifl ero peajiH3anHH. IlpH STOM cHCTeMa ynpaBJie- 
HHÄ flonojiHHTejibHO ocymecTBJiaeT Kompojib 3a HcnojmeroieM Ha- 
ßopa KOMaHfl no flJIHTejIbHOCTH HX HCnOJIHeHHH. 

Oömaa Macca MHKpojiyHoxoAa 8,3 KT, H3 HHX nojie3Haa Harpy3Ka 1,5 
Kr. Macica BcnoMoraTejibHbix CHCTeM H arperaTOB MHKpojiyHoxofla Ha noca- 
ÄOHHOM annapaTe cocTaBjraeT 1,7 KT. CKOpocTb nepe#BiOKeHHJi 70-100 M/H, 

B uiaraiomeM pexauMe 20 M/C. 3HepronoTpe6jieHHe 3-5 BT. 
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OflHHM H3 KJiioHeBbix HanpaBJieHHH pa3BHTHH 6ynynnix TexHOJioraH 
XBJlHGTCfl   IUHpOKOe   HCnOJIb30Baffiie   MHKpOpOÖOTOB.   Ilofl   3THM   TepMHHOM 
noHHMaioTCH ycTpoficTBa, HMeiomne Majibie raÖapnrbi, Maccy, aHeprono- 
TpeöjieHHe, ßojibiiiyio CTeneHb iiHTerpannH n pa6o*me napaMeTpbi, o6ecne- 
HHBaiomHe BbicoKoe KaHecrao BbinojimieMbix TexHOJioraraecKHX onepanira. 
Co3flaHHe H BHeflpeHHe MHKpopo6oTOB no3BOjiHT 3HaHHTejibHO yjiyqiUHTb 
xapaKTepncTHKH ManiHH, pacniHpHTb ccpepbi Hcnojib30BaHHfl po6oroB H 

co3flaTb nprammiHajibHo HOBbie TexHOJioraH. 
OnbiT sKcruiyaTaqHH opÖHTajibHbix cTaHnHH noKasaji, MTO B nponecce 

paÖOTbl  HeoÖXOflHM  nOCTOÜHHMH  KOHTpOJIb   3a  TeXHHHeCKHM   COCTOflHHeM, 
npoBe^eHHe perjiaMeHTHbix H peMOHTHbix pa6oT, 3aMeHa HencnpaBHbix ar- 
peraTOB, MOHTax HOBOTO oöopyflOBaHira H ycTaHOBKa HayqHbix npnöopoß. 
MHorae H3 nepeHHCJieHHbix pa6oT Moryr npoBOflHTbc« KocMOHaBraMH npn 
BblXOfle   B   KOCMHHeCKOe   npOCipaHCTBO.    OflHaKO   3TO   flOBOJIbHO   CJIOJKHa« 
npone,zrypa, cBH3aHHaa c o6ecneqeHneM ^0H3Hefle^TejibHocTH KocMOHaBTOB. 
B CBH3H c 3THM BecbMa nepcneKTHBHMM HBJifleTCü co3«aHHe po6oTOB , cno- 
coÖHbix nepeflBHraTbca no opönrajibHOMy annapaTy KaK no HapyacHbiM no- 
BepXHOCTüM, TaK H BHyTpH OTCeKOB. 

Heo6xoflHMocTb pa3pa6oTKH poöoTOTexHiraecKHX cpe^cTB arm paöoTbi 
Ha opÖHTajibHbix annapaTax npno6peTaeT oco6yio aKTyajibHocn, B CBüSH C 

pa3pa6oTKofi KocMHraecKHX crammä no HOBWM MejKayHapoflHbiM npoeicraM. 
OäHHM H3 onpeflejiJiiomHX ycjioBHH pa6oTbi Ha opÖHTajibHbix annapa- 

Tax HBJiaeTCH noHTH nojiHaa HeBecoMocTb. CHJIW rpaBHTannoHHoro B3aHMO- 
aencTBHii Meacny op6HxajibHOH cTaHnnen H poöoTOM BecbMa Majiw n He^o- 
cTaTOHHbi flJiH o6ecneHCHHa nepe^BnaceHna 3a CHöT CHJI rpaBHTanHH. 

C HapyxHOH noBepxHocTH op6HTajibHbix annapaTOB cymecTByeT Baicy- 
yM, BejiHHHHa KOTOporo MOxeT H3MeHüTbca B 3Ha^HTejibHbix npe^ejiax B 

3aBHCHMOCTH OT ia30BbiAejTeHH5i Hapy>KHbix noBepXHOcTen H oxn;ejibHbix ar- 

peraTOBi 
BHyrpn opÖHTajibHbix annapaTOB mraMaraHecKHe ycjioBira Moryr COOT- 

BeTCTBOBaTb ycjioBUHM oÖHTaHHa KocMOHaBTOB. B pa^e OTCeKOB Moacej 
6biTb BaKyyMHaa cpe^a. J\nn HaöjnofleHiw 3a noBepxHocTbio n oKpyacaromeii 
cpeflOH MOJKeT noTpe6oBaTbc>i flonojiHHTejibHaa no^cBeTKa. 

OpÖHTajibHbte annapaTbi npeflCTaBJunoT ciioiKHyio KOHCTpyKUHio. OR- 

HaKO MOJKHO BbmejiHTb HecKOJibKO Han6ojiee Tfflinrabix noBepxHocTen, co~ 
HeTaHHe KOTopwx no3BOjweT ccpopMyjrapoBarb TpeßoBaHHH K CHCTeMaM ne- 

peÄBH3CeHH5I. 
ßjiji o6ecne^ieHHJi nponecca nepeaBnaceHHa 3a CTöT B3aHMOfleHCTBHü c 

onopHOH noBepxHocTbio Heo6xoflHMO HajiHrane CHJT B3aHMOflencTBna c no- 



BepxHocTbK). BejiEraHHa STHX CHJI ziojUKHa 6bm> ÄOCTaTOHHOH fljia npeoflo- 
jieHHE CHJI peaKHHH OT TexHOJiorHraecKoro oöopy/joBaHHH, KOMneHcanHH 
yCHJIHH, B03HHKaK)mHX npH B03JTeHCTBHH B03MyinaiOHj;HX «paKTOpOB CO CTO- 
poHH opÖHTajibHoro annapara. 

HcXOffH H3 CneUH(pHKH yCJIOBHH paÖOTH H CBOHCTB nOBepXHOCTeH op- 
ÖHTajibHbix annapaTOB MOHCHO paccMaTpHBarb cjiejjyromHe cnocoöw nepe- 
Z(BicKeHHa: 

• nyreM    MexamraecKoro    saxBaTa    3a    BbicTynaiomHe    sjieMeerbi 
(nopyHHH, sjieMeHTbi KOHCTpyiaiHH); 

• nyreM MexaHEraecKoro KpeiuieHHiT K Tenjio3ain,HTHbiM noKpbiTHüM; 
• nyreM co3/j;aHHfl CHJI npHTJüKeHHfl K noBepxHOCTH 3a CHöT ajieicrpo- 

CTaTHHeCKHX CHJI B3aHMOJj;eHCTBH«. 
IlepeflBHxeHHe 3a CHöT MexararaecKoro 3axBaTa 3a BbicTynaiomHe 

sjieMeHTbi B KaKOH-TO Mepe oTpajKaeT cnoco6bi nepejiBnaceHHA KOCMOHaB- 
TOB npH pa6oTe B OTKPWTOM KocMoce. B HacToamee BpeMÄ STO no cymecTBy 
OCHOBHOH cnoco6 neptppaxsimsi. Cyrb STOTO cnoco6a COCTOHT B nocjieflo- 
BaTejibHOM nepexBaTe pyxaMH nopyqHen. npHMeHHTejibHO K nepeflBiDKeHHio 
poöoTOB 3ap,sna COCTOHT B yToraeHHH ycjioBHH nepeziBHaceHHJi H pa3pa6oT- 
Ke 3KcnepHMeHTajibHbix MaiceTOB JJJIH oTpa6oTKH MeTojj,OB ynpaBjieHBw H 

OTpaÖOTKH TeXHOJIOrHH HX HCnOJIbSOBaHHH. 
IlepeflBHHceHHe nyreM MexaHEraecKoro KpeiuienEra K Tenjio3amHTHbiM 

noKpbiTHiiM (3BTH) nosBOjraeT o6ecneHHTb co3jjaHHe CHJI B3aHMOfleHCTBHH 
3a cqÖT cneruieHHii c noMombio cnenHajibHbix 3anenoB c HHTHMH BepxHero 
noKpoBa. CpopMa 3anenoB, HX pa3Mepbi H TpaeKTopna ÄBioKemra no3BojiaioT 
o6ecne*iHTb cnenjieHHe c HHTHMH 6e3 HX oöpbiBa H noBpexcfleHHii Hnacepac- 
nojioaceHHbix CJIOOB 3BTM. BejiHiHHa CHJI B3aHMO,zieHCTBHS[ onpeflejiaeTCH 
npOHHOCTblO BOJIOKOH H MOJKeT COCTaBJIHTb flOJIH HJIH eflHHHHbl HblOTOHa. 

Cyrb cnoco6a nepe/iBiDKeHHÄ nyreM co3flaHHH CHJI npHraaceHHü K no- 
BepXHOCTH   3a   CTÖT   SJieKTpOCTaTHHeCKHX   CHJI   B3aHMOfleHCTBHH   COCTOHT   B 
co3flaHHH Meacjjy pa3neceHHbiMH onopaMH ajieKTpHwecKoro noTeHnnajia. 
Onopbl   HMeiOT   3JieKTpHqeCKyiO   H30JI«nHIO,   HCKJIlOHaiOmyiO   B03MO>KHOCTb 
npJiMoro KOHTaKTa c onopHOH noBepxHOCTbio. B STOM cjryqae onopw H Me- 
TajuinqecKHe CJIOH onopHOH noBepxHOCTH o6pa3yioT ßpe o6Kjia/jKH sjieK- 
TpEFiecKoro KOHfleHcaTopa, Me>Kjjy KOTOPMMH oÖpasyeTca sjieKTpocTaTErae- 
CKOe  nOJie,  HTO  II  npHBO/IHT K B03HHKHOBeHHK)  CHJI  B3aHMHOrO  npHTH3Ce- 
Hira. HeoöxoflHMo oßecne^HTb oflHOBpeMeHHWH KOHTaKT He MeHee jjByx 
onop. B 3TOM cjiyqae aneKTpiraecKoe HanpiDKemie no^BO^HTCü TOJibKo K 

H30JIHpOBaHHWM  OnopaM,   KOTOpbie  HBJMIOTCfl B 3TOM  CJiyHae  CHCTeMOH  H3 
/iByx nocjiejj;oBaTejibHO coejjHHeHHbix KOHfleHcaropoB. npeÄBapHTejibHbie 
pac^ieTbi     noKa3;uiH,  HTO cnjia npHraaceHHü K noBepxHOCTH,  noKpbiTOH 
3BTH, MOiKeT COCTaBJMTb HeCKOJIbKO HblOTOHOB. 

MHKpopo6oTbi fljra opÖHTajibHbix annapaTOB npeanojiaraioT cjiejxyio- 
mne ocHOBHbie cnoco6bi HX Hcnojib30BaHH*i. 

1. Hcnojib30BaHHe MHKpopoöoTOB Ha opÖHTajibHOM annapaTe c nejibio 
o6cjie/j,oBaHHJi TexHEraecKoro COCTOHHHH CHCTCM H KOHTPOJIH 3a pa6oTOH 
OÖopyflOBaHHH (0Ö30pHbie MHKpopo6oTbi). 

2. ITpoBefleHHe TexHH^iecKoro o6cjiyaoHBaHHH H peMOHTHO- 
BoccTaHOBHTejibHbix   pa6oT   cHCTeM   H   o6opyÄOBaHH^   (TexHOJionwecKHe 



MHKpO- H MHHHpOÖOTbl). 
3. BbinojiHeime cnenHajiH3HpoBaHHbix pa6oT no Monraacy obopyaoBa- 

HHfl H ycTaHOBKe Hayrabix npn6opOB (cnenHajiH3HpoBaHHbie po6oTbi). 
Ha ocHOBe STHX cnoco6oB Hcnojib30BaHHH MOJKHO, B nepBOM npn6jiH- 

xemm, c^ejiaTb KjiacciKpHKannio MHKpopoöoTOB. CjieflyeT noHHMaTb TOKO- 

Topyio ycjioBHOcTb TaKoii KjiaccH<t>HKauHH. OflHaKO 3TO MO)KeT 6biTb nojie3- 
HbiM npa iuiaHHpoBaHHH KOHCTpyicropcKHX H HCCJie^oBaTejibCKHX pa6oT no 
pa3pa6oTKe n coBepniencTBOBaHHio MHKpopoöoTOB. 

Jljw ouemcH npoeKTHbix xapaKTepHCTHK 6buia cflejiaHa    npopaöoTKa 
MHKpOpo6oTa ßflO.  o6cjieflOBaHE[H  TeXHHHeCKOrO  COCTOflHH»  CHCTeM  H  KOH- 
Tpojia 3a paöoTon o6opyflOBaHH;3. 

MHKpOpOÖOT COCTOHT H3 flByX CeKUHH,  HMeiOIUHX IUapHHpHyK)  CB«3b 
Äpyr c flpyroM. C flpyron cTopoHbi Ha KaagjoH ceKHHH ycTaHOBJieH «Byx- 
3BeHHWH    pbMaJKHbffl    MexaHH3M,    KOTOpblH    3aKaH«fflBaeTCfl    nOBOpOTHbIM 
ynpaBjiaeMWM cxBaroM. Pa3BOpoT Kaacaoro 3BeHa pbnaaffloro MexaHH3Ma n 
cxBaTa ocymecTBjmeTCM 3jieKTponpHBO/i;aMH, pa3MeiueHHbiMH BHyrpH CeK- 
HHH.  npHBOflbl ÄJIH B3aHMHOrO pa3BOpOTa H nOBOpOTa BOKpyr UiapHHpHOH 
CBH3H TaKxe paciiojioaceHbi BHyrpn ceKHHH. B Kopnycax ceKHHH pa3Meme- 
Hbi cHC/reMbi ynpaBjreHHJi, sHepronHTamM, TepMoperyjinpoBaHiw. Ha 6OKO- 

Bbix cTopoHax ceKHHH ycTaHOBJieHbi TejieicaMepbi. Ha BepxHHX n HHJKHHX 

cTopoHax ceKHHH MoaceT SbiTb ycTaHOBJieHo aonojiHHTejibHoe o6opyaoBa- 
Hne. B oflHon H3 ceKHHH MoxeT 6biTb pacnojioxena KaryiHKa c KaöejieM 
fljiü CBH3H c nocTOM ynpaBjieHHa. 

nepeÄBHacenne MHKpopoöoTa ocymecrajraeTca nyreM nepexBaTa 3a BW- 

cTynaionme ajieMeHTbi Ha noBepxHOCTH op6HTajibHon cTamiHH. J\m 3Toro 
npn 3aKperoieHHOM nepBOM cxßaTe npoH3BOflHTca pa3ÄBH>KeHHe pbmaacHbix 
CHCTeM H 3aKperoieHHe BToporo cxBaTa. nocne sToro nepBbrä cxßaT OCBO- 

6o)Kfl;aeTC5i H npoH3BOAHTca cöjiraceHHe pbFiaacHbrx CHCTeM H 3aKpenjieHHe 
nepBoro cxBaTa. Rnx H3MeHeHHH HanpaBJieHHa ÄBKDKeHHfl npoH3Bo#HTCfl 
ZionojiHHTejibHbffl pa3BopoT 3a<|)HKCHpoBaHHoro cxBaTa, a TaKxee noBopoT 
ceKHHH BOKpyr mapHHpHOH OCH. npH 3aKpemieHHOM cxßaTe BO3MO}KHO ne- 
peMemeHHe ceKHHH c TejieKaMepaMH arm aeTajibHoro oÖ30pa o6cjie,oyeMoro 
yqacTKa noBepXHOcra opÖnrajibHoro annapaTa. 

TexHHqecKHe xapaKTepncTHKH o63opHoro MHKpopo6oTa: Macca 8,5 KT, 

ra6apHTbi 700x1500100 MM, noTpe6jraeMaa MomHocTb 5 BT, pa#Hyc aen- 
CTBH* (no 3anacy Ka6eji«) 40 M, cKopocTb nepeflBHDKeHira 1 CM/CCK. 



FLOWS ABOUT SOLID BODIES OF UP TO 100 km/s VELOCITY DENSE 

PLASMA STREAMS 

V. A. Alekseev, L. N. Pliashkevich, 

•   .   V. M. Strunnikov and V. I. Vasiliev 

State Center of Science of Russian Federation, 

Troitsk Institute of Innovative and Thermonuclear Researches, 

Moscow region, Troitsk 

Fax:(095)334-57-76 

E-mail: Ogm@fly.trinitv.troitsk.ru 

: We study the process of flowing round a solid body by the plasma stream whose velocity is 

up to 100 km/s. Such velocity values are comparable with dust velocities in the Sun's vicinity. 

An impulse powerful plasma gun [l] generates the hydrogen or nitrogen plasma streams with 

the density of the order of TO15 cm"3. The cases of the graphite, tungsten and aluminium solid bodies are 

investigated. Surface temperature variations are measured by the infrared pyrometer with high temporal 

resolution [l] whereas photoemulsions and a scintillator-photomultiplier device are used for space- 

temporal X-ray measurements. 

The body surface is eroded under the influence of the powerful plasma stream. This results 

in arising of aerosoles. We consider these aerosoles to be an indicator of the dusty plasma flows near 

the target. Hence, we can use high-speed electronooptical converter photography together with the 

original traps of the dust to study the space-temporal distribution of the plasma and the dust particles. 

The experiments show the next. 

Two (bow and inner) shock waves are formed as a result of the explosive erosion of the 

material surface. 

The inner shock wave front is adjacent to the surface and divided from it by the layer of 

dusty plasma moving along the surface and containing up to. 1 mkm dimensions particles of the surface 

material. 

Even the target surface normal to the primary plasma stream being plane, the thickness of 

this layer varies along the surface. The layer of the dusty plasma falls down to a value less then 1 mm 

near the edge of the target surface exposed to the plasma stream, being markedly thicker in the centre. 

We observe the impulse 30-40 keV X-ray generation from the surface just before the arrival 

of the dense plasma from the gun. 
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IIpeo6pa30BaTejii. TexHoreHHbix H MHKpoMeTeopoHÄHWx nacTHU. 
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npe^JioxeHa KOHCTpyKmw npeo6pa30BaTejiH TexHoreHHbix H MHKPO- 
MeTeopoiptHbix HacTim Ha ocnoBe iuieHOHHoi M^M-cTpyKTypbi B BHfle 
c(J)epbi. Pa3pa6oTaHa MaTeManraecKafl Mo^ejib npeo6pa30BaTejia, HayqHaa H 

o6cjiyxHBaiomaa annapaiypa, npeflJioxceHa H pa3pa6cyraHa cncTeMa opneH- 
Tannn npeo6pa30BaTejia B npoitecce ero (fryHKUHomipoBaHira Ha opÖHTe, 
Hcnojn>3yioiii;afl HanyBHbie mnaHiyrbi, BbinojiHflK>mHe pojib paMOK c npo- 
TeaiomHM no HHM TOKOM, a B Ka^ecTBe *iyBCTBHTe.JibHoro K MarHHTHOMy 
nojiK) 3eMJiH - 4>epp030HÄOBWH jxa-mnK. npoBefleH aHajiro /niHaMHKH npo- 
HeccoB opHemnpoBaHHa npeo6pa30BaTejia no MarHHTHOMy nojno 3eMjin. 

HccjieaoBaHbi nponeccw flHHaMHKH nojieTa npeo6pa30Bareji5i - cnyT- 
HHKa B aBTOHOMHOM peXHMQ  (J)yHKnHOHHpOBaHH5I  C yqeTOM  B03M03CH0CTH 
npHeMa-nepeaa^H HH4>opMauHH Ha 3eMJiio. OÖcya^aioTCii pacwrabie xa- 
paicrepHCTHKH npeo6pa3osaTejDi, ero npeHMyiuecTBa H He#ocTaTKH, a TaioKe 
B03MoaKHocTb Hcnojib30BaHK5i #JI» peiiieHHii apyrnx HayjHbix 3a?wi. 

B.BajiaKHH 


